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Ot aBTOpOB 



HacTOinnan pa6oTa oxBaxbiBaeT ynpa^cHeHHB n 3an;ann no aji- 
re6pe, crpynnnpoBaHHbie no rjiaBaM b cootbgtctbhh co ihkojib- 
hbimh nporpaMMaMH CTapinnx KJiaccoB JinneeB n cpennnx 06- 
meoSpasoBaTejibHbix uikoji. Ue;ib ee - MaTeMaTnnecKaji nojnro- 
TOBKa ynemiKOB JinneeB Bcex KaTeropnn b hx HHnHBHnyajibnon 
pa6oTe. Ee mo*ho ycnemno ncnoJib 30 BaTb rrr BHeKJiaccHon 
paSoTbp Ta-K Kan b Hen HHTaxeJTb Hannex Ba>KHbie TeopeMbi n 
(|)opMyjibi, rjiaBHbie onpejeneHnn n noHHTHH, Koxopbie He Bcerna 
nxieioTCH b uiKOJibHbix yne6HHKax. 



ABTOpbl 




O oo 3 Ha*ieHHJi 



€ 

C 

D 

n 

u 

0 

v 




Z = {...,-2,-1, 0,1, 2,...} 
Q = m, n G Z, n ^ oj 
1R 



C = {a + bi\a, b £ R, i 2 = — 1} 



paBHo; 

HepaBHo; 

npHHaiuie>KHT; 

He npHHa^Jie^KHT; 

BKJiiOHeHO b; 

conep^HT; 

nepeceneHHe; 

o6 r be/i;HHeHHe; 

nycToe mho/kcctbo; 

(HJm) /HO'bFOHKHHJT; 

(h) kohbk>hkhh.h; 

no onpeijeJieHHio p ecTb q; 
mhokgctbo Bcex Haxypajib- 
hmx HHcen; 

MHoniecTBo Bcex nejibix 
HHceji; 

MHO>KeCTBO Bcex paHHOHaJIb- 
hbix HHceji; 

MHO/KeCTBO Bcex H,eHCTBH- 
TejibHbix HHceji; 

MHO>KeCTBO Bcex KOMHJieK- 



chbix HHceji; 

A + = {x € A\x > 0), A 6 {Z, Q, 1R}; 

A_ = {ye A\y < 0}, A 6 {Z,Q,iR}; 

A* = {z€ A\z?0} = A\{0}, 

,4 6 {IV, Z, Q, 2R, C}; 

l- T l Monyjib ( aScojnoTHan Bejm- 

HHHa) HHCJia x G 1R; 
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M 

{*} 

{a, 6) 

(a. 6, c 

Ax B 
Ax B 
E 

P(E)-- 

A — B 

AC B 
A U B 
AHB 
A\B 
A A B 
C e (A) 

aC A 

f:A- 

D(J) 

E(f) 



lie ji an ^lacTB ^HCJia x £ 1R; 
jipo6Haii nacTB HHCJia x £ M, 
0 < {a:} < 1; 

ynopji/ioHeHHaji napa, rne a - 
nepBbiM h 6 — BTOpOH ajie- 
Menx; 

) ynopfl^o^ieHHaB xpoiiKa c 

COOTBeTCTByiOmHMH 3JieMeH- 



= {(a, 6)|a £ A, b £ B] 

x C = {(a,6,c)|a £ A, b £ 
c£C} 

= { X\X C E} 

(V)x £ E(x £ A x £ 

(V)ar £ E(x £ A & x £ 
= {z € E\x £ A V x £ B} 
= {x £ E\x £ A A x £ B} 
= {x £ E\x £ A A x g B] 
= (A\B)U(B\A) 

= A = E \ A 

x B 

B 



TaMH a , 6, c; 

npBMoe {/leKapxoBo) npon3Be- 
neHHe MHoatecxB A h B: 
j0,npflMoe (xieKapxoBo) npoH3Be- 
aeHHe MHo>«ecxB A, B w. C: 
yHHBepcajibHoe MHO«ecxBo 
MHo>KecxBO nacxeS (doxmho- 
®ecxB) MHo>KecxBa E ; 

J 0)paBeHCXBO MHoatecTB A h B; 

B) A con;ep>KHxcH b B\ 

o6x>ezuiHeHHe MHO>KecTB Ah B: 
nepece^eHHe Mno*ecxB Avl B; 
pa3HOcxb MHoacecxB A h B; 
CHMMexpHHecKaH pa3Hocxb; 
xconojiHeHHe MHO>KecxBa A 
OXHOCHXeJIBHO MHo^ecxBa E. 
oxHonieHHe a onpenejieHHoe 
Ha MHO>KecxBax A h B\ 
(j)yHKHHH (oxo6p avenue) 
onpexcejieHHoe Ha A co 3Hane- 

HMMH B B ; 

o6jiacxi> onpen;ejieHHH (jjyn- 

khhh /; 

oSjiaCTE. 3HaHeHHH (|)yHKE[PIH /. 
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r JI A B A I 



MHO>KECTBA. OIIEPAIIMM HAH 
MHO)KECTBAMM 

1.1. OcHOBHtie onpe^eJieHHH h iiohjitiiji 

EAjiojkhxb aKCHOMaTHT T iecKyio xeopnio MHO>KecTB Ha ajieMeH- 
TapHOM ypoBHG — 9TO /[OBOJibHO cjio>KHaji sa/iana. IIoaTOMy 
HOZI. MHOWeCTBOM HHXyHXHBHO 6yjieM HOHHMaXb COBOKyUHOCTb 

npexcMeTOB, Koxopbie Ha30BeM ©JieMeHTaMH hjih TOHKaMH 
3Toro MHOH^ecTBa. Mno>KecTBO cHHxaexcn 3a,naHHbiM, ecjin .naHbi 
ero ajieMeHTbi mm yKa3aHo HeKOTopoe cbohcxbo, KoxopoMy .hoji- 
>KHbi yjxoB jiexBopHTb ee gjieMeHXbi hjih cbohcxbo, Koxopoe oxjih- 
naex hx ox ajieMeHXOB xtpyroro MHO>becxBa. B .HaJibHenmeM 
MHO*ecxBa by.nyx o6o3HaHaxbCH SojibiiiHMH JiaxHHCKHMH 6yBaMH 
A,£.C, A,E,Z, a ee ajieMenxbi - MajieHbKHMH JiaxHHCKHMH 
6yKBaMH a,b,c,...,x,y,z h x.xu 

Ecjih a HBJitfexcH 3 ji eMe hxom MHO®ecxBa A , xo 6yaeM nncaxh 
a £ A h HHxaxb “a npHHajyie>KHX A”, hjih ''a ecxb 3 JieMeHX H3 
A‘\ Ecjih me a He HBJiJiexcH ajieMeHXOM MHo*ecxBa A. xo SyzieM 
nncaxh a A h HHxaxb “a He npHHajyie>KHX A” . 

Cpejm Bcex MHO^ecxB npe;inoJio>KHM cymecxBOBaHHe ojiHoro 
MHo»cecxBa. o6o3HaHaeMoro 0 h Ha3biBaeMoro nycTtJM mho- 
acecTBOM, Koxopoe He conep>KHX hh ojiHoro gjieMenxa. 

Mno>KecxBO, Koxopoe coxtepmHX xojibKo o^hh ojieMenx a, o6os- 
HanaexcH {a}. Mno>KecxBO, Koxopoe co.nep>KHX xojibko ajieMeHXbi 
ai,a 2 ,..-.«n o6o3HaHaexcH {a\, a 2l . . . , a n }- 

Ecjih A - MHO>«ecxBO, Bee ajieMeHXbi Koxoporo objiajiaiox 
cbohcxbom P, xo 3anHineM A = {x\x ynoBnexBopjiex P}, hjih 
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.4 = {x|P(ar)}, h 6y^eM HHTaTb: u A coctoht H3 Tex h tojibko 

Tex 9 JieMeHTOB. KOTopbie o6jia/i.aioT cbohctbom P (zuih KOTOpbix 
npe/XHKaT P(x ) HBJiaeTCJi hcthhhbim).'’ 

B naJibHemneM 6y.neM Hcno;ib30BaTb o 6 o 3 HaHeHHJi: 

IV = {0. 1, 2, 3, . . .} - MHC>KecTBo HaTypajibHbix HHceji; 

= {1,2,3,...} - xmo>KecTBo eeHyjieBbix HaTypajibHbix 
HHcen; 



Z = , —2, -1, 0, 1,2, . . .} - MHO>KecTBo rtejibix nuceji; 

Z* = {±i, ±2, ±3,. . .} - MHOH<ecTBO HenyjieBbix nejibix HHceji; 



Q = 



rn 



G Z. n G IV 



- MHO>KecTBO partHOHajibHbix HHceji; 



Q* - MHOHvecTBO HeHyJieBbix pamioHajibHbix HHceJi: 



JR - MHO«eCTBO ZieHCTBHTeJIbHbIX HHCeJi; 

M* - MHO>KecTBo HeHyJieBbix zieHCTBHTejibHbix HHceii; 

1R + = {x G M\x > 0}; JR; = {x G M\x > 0}; 

C = {a + bi\a,b G JR} - MHO>KecTBo KOMnjieKcnwx Huceji; 

C* - MHo*ecTBo HeHyJieBbix KOMHJieKCHbix HHceji; 

m G {1,2, n } & m = 1 , n\ 

D(a) = {cG Z*| a\c} - MHoncecTBO Bcex nejibix nejiHTejiefi HHCJia 



a G Z: 

n(.4) = |.4| - hhcjio 3 JieMeHTOB KOHennoro MHoncecTBa A. 



3a Mena Hue. CnumaeM u3eecmnuMU AOZunecKue cumboak: 

KOHoWHKV,U3f A (. . . «...), du35K)HKV,USf V (. . . UAU . . .), UMUAUKayUST 

=>, Keanmop cyipecmeoeaHux (3) u neaumop eceodipnocmu (V). 



IlycTb A vi. B - jib a MHO>KecTBa. Ecjih KajKzibiii 3 JieMeHT mho- 
HcecTBa A hb J ineTCH ajieMeHTOM MHo»cecTBa B, Tor,na roBopHM, hto 

A CO/^epJKHTCil B B , HJIH HTO A eCTb HaCTb MHO»eCTBa B, 

hjih hto 4 ecTb no^MHOJKecTBO MHo^ecTBa B h o6o3HanaeM 
A C B. TaKHM o6pa30M, 

AC£o (V) x (x G A =>■ x G B). 

CBOHCTBa BKJUO^eHMBL. a) (V) 4,4C4 (pecjjJieKCHBHOCTb); 
b) (AC BaBCC)=>ACC ( TpaH3HTHBHOCTb) ; c) (V) A, 0 C A. 

Ecjih .4 He HBJineTcn nacTbio MHO>KecTBa B, Torna HHineM 
A B, T.e. 

A B & (3) x (x £ A A x g B). 

rOBOpHM, HTO MHOJKeCTBO A paBHO MHOJKeCTBy B , KO- 
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9JieMeHTOB, 



POTKO A — B , eCJIH OHM COCTOHT M3 0,THHX H Tex /Ke 
T.e. 

A = B&(ACBaBC A). 

CBOHCTBa paBeHCTBa. Hjih jiioSbix MHo>KecTB A, B h C 
cnpaBeiuiHBa: a) A — A (pe(f>JieKCHBHocTb); b) (A = B) => (B = A) 
(CHMMeTpMMHOCTt); c) ( A = B A B - C) => ( A = C) (TpaH3H- 
THBHOCTb ) . 

B ^aJibHeiniieM Mepe3 P(A) 6y.reM o6o3HaMaTb MHoacecTBo 
Bcex ^acTeS MHO*ecTBa A, T.e. 

X G P(A) & X C A. 

OMeBM^Ho 0, A G j P(A). 

y HHBepCaJIbHOe MHO>fteCTBO - 3 TO MHO>KeCTBO, KOTOpOe 
coiiep>KHT Bee paccMaTpHBaeMbie b iiajibneHineM MHO>KecTBa h 
o6o3HaMaeTCB E (npMpo^a 3JieMenTOB nonpa3yMeBaeTCB ojw .- 
naKOBO m! ). 

iXeilCTBHil Ha^ MHO»eCTBaMH 

IlycTb Am B - ,TBa MHO^cecTBa A, B 6 P(E). 

1. IIepece*ieHne. 

A fl B = {x G £jx G A A x G 5}, 

T.e. 

xeAnBo(xeAAxeB), (i) 

X AC\ B & {x g AM X £ B). (1') 

2. 06be^;HHeHHe. 

A U B = {x G £|x G AVi G 5}, 

T.e. 

x G A U B <£> 0 G A V x G £), (2) 

t^AUjSo^^AAi^ j?). (2') 

3. Pa3HOCTb. 

A \ B = {x G £jx G A A x ^ 5}, 

T.e. 

x G A\ B <£> (x G A A x £ £), (3) 

x^A\5^(i^AViG5). (3') 

4. JIonojiHeHHe k HeKOTopoMy MHoacecTBy. IlycTb 
A G P(E). Pa3HOCTb E \ A JIBJItfeTCJI HO.HMHO>KeCTBOM B E, 0603- 
naMaeMbiM C E (A ) m Ha 3 biBaeMbiM ^onojiHeHHeM MHO*ecTBa 
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A no OTHomeHHio k E , T.e. 

C e (A) = E\A = {x € 0 A}. 

ApyrHMH cjioBaMH, 



x € C e (A) x g A, (4) 

x ^ c e (a ) {4 / ) 



CBOHCTBa yUeHCTBHH Ha^ MHOJKeCTBaMH 



A fi A = A, A U A = A (3aKOHLi H^eMnoTeiiTiiocTH). 
Ani? = B D A, A U B — fi U A (3EIKOHLI KOMMyTa- 
thbhocth). 

(Af1fi)nC = Af)(B n C), 

(3aKOHBI aCCOIIHaTHBHOCTH ) . 

(AUfi)UC = Au(fiuC) 

AU(5nC)=(AUfl)n(AU C), (3aKOHfcI /^HCTpMOyTHB- 



A n [B U C) — (.1 fl B) U(AnC') hocth) 

A U (A D B) = A, 

( 3aKOHt>i iiorjiomeHMH ) 

An(Aufi) = A 



£. 



C E (AuB) = C E (A)nC E {B), 
C E (AnB) = C E (A)uC E (B) 



(3aKOHLi MopraHa). 



JlBa u oco 6 mx” nojiMHO>KecTBa b E abjuuotcb MHO>KecTBa 0 
Ajih Jiio 6 oro A e P(E) cnpaBe^jiHBo: 

0CACfi, 



H 



A U 0 = A, A fi 0 = 0, C e (0) = E, 

A U E = E, An E = A, C e {E) = 0 , 

A U C e (A ) = E, An C e [A) = 0 , 

C e {C e {A)) — A (npHHUHn B3anMHOCTn). 

B /lajiBHeHiueM o6o3Ha^nM C E (A) — A. 

5. CuMMeTpjmecKaji pa3HOCTb. 

A A B = (A \ B) (J (B \ A). 

CBoiicTBa. Hjlh jik)6bix MHOJKecTB A,finC cnpaBe^JiHBo: 
a) A A A = 0; \>)AaB — BaA (KOMMyiaTHBHOCTb); 
c) A A 0 = 0 A A = A; d) A A (A A B) = B; 

e) (A A fi) A C = A A (fi A C) (accon;HaTHTBHocTb); 

f) An{BAC) = {AnB)A(Ancy, g) a a b = (Au B)\(An B). 
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6. JJeKapTOBO npoiiSBe^eHHe. IlycTt x h y /£ Ba 

oSteKTa,. MHomecTBo {{rr} , {a:,*/}}, 9JieMeHTaMH KOToporo hb- 
jihiotch MHO»ecTBa {x} h {x , y} , Ha3biBaeTCJi ynops^OMeHHOH 
napoS, b KOTopofi x ecTb nepBan KOMHOHeHTa ay — BTopaH 
KOMHOHeHTa, h o6o3HaHaeTCH {x.y). Ecjih aaHLi Tpn o6beKTa 
Tor^a (x,y*z) = ((x ,y),z) Ha3bmaeTC a ynopa^oqeHHOH 
TpoHKOM, a b cjiynae n oGbcktob (o6ihhh cjiy^an) x\, x 2 , - • • , x n 
(xux 2 ,...,x n ) = {...{(xux 2 ),x 3 ),...x n ) 

Ha3bmaeTCii ynopn^o^eHHOH n-KOH ©JieMeHTOB (hjih Kop- 
Te»eM jiJiiiHbi n). HvieeM 

{x 1 ,X 2 , Xn) = ( 2 / 1 . 2 / 2 , • • -, 2 /n) (*1 = Vl ^ x 2 = ^A.-.A^r, = 2 /n)- 

IlycTb P(£). Mno^ecTBO 

A xfl = {(a,fe)|a G A Ab G B} 

Ha 3 biBaeTCH ^eKapTOBBiM npoH3Be,neHHeM MHO>KecTB An B. 
O^ieBM/tHO, mo*ho onpejtejiHTb 

Ax B X C - {{x, y, z)\x GAA 1 /G&A 2 G C }, 
a. b o6meM cjiynae, neKapTOBO npoH3BeneHHe mhokcctb Ai, 

A 2 - • • • * A n . — 

Ai x A 2 x ... X An = {{x 1 ,X 2 € A,’, 2 = M}- 

B cjiynae A = B — C = Ai = A 2 — — A n HMeeM 

4 x A d = f A 2 , A x A x A d = f A 3 , A x A x ... x A d = f A n . 

V *** V 

n pa3 

HanpHMep. JR 3 = {{x,y, z)\x,y, z G JR}- no^MHoacecTBO 

A= {(a,a)[a G A} C A 2 
Ha3biBaeTCB ^HaroHajiBio MHOJKecTBa A 2 . 

ripuMepbi. 1. IlycTb A = {1,2 }h 5 = {1,2,3}. Tor.ua 
AxB = {(1,1), (1,2), (1,3), (2,1), (2,2), (2,3)} 

B x A = {(1,1), (1,2), (2,1), (2,2), (3,1), (3,2)}. 
3aMenaeM, hto A X B ^ B x A. 

2. AeKaproBO npon3Beu.eHHe IR 2 — JR x JR reoMeTpHHecKH 

UOWHO npe^CTaBHTb KaK MHO>«eCTBO Bcex TO^eK nJIOCKOCTH, Ha KO- 

xopofi 3 a(|)HKCHpoBaHa npHMoyroJibHaH cncTeMa KoopnHHaT xOy , 
ecjiH Ka*HOMy ajieMeHTy {x,y) G IR 2 CTaBHTCH b cooTBeTCTBHe Ha 
naocbOCTH TOHKa P{x,y), aScnwcca KOTopon ecTb x, a opjtHHaTa 
y. IlycTb A = [2; 3] h 5 = [1;5](A,B C JR). Torna, Ha hjiockocth, 
Ax B npejicTaBJieHO b bw 3amTpnxoB aHHoro npsMoyroJibHHKa 
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KLMN (pnc. 1.1), me K{ 2,1), 1(2,5), M( 3,5), N( 3,1). 




JlerKO npoBepaioTCH cnpaBe.zuraBOCTh cbohctb: 

&) (A C C A B C D) A x B C C x D; 

b) A x {B U C) = (.4 x 5) U (A x C), 
ix(5nC) = (ix5)fl (A x C); 

c) A x B = 0<^(A = 0VjB = 0), 
Ax5/0^(A/0A5/0). 

7. Ilepece^ieHHe h oSTje^MHeHne HeKOToporo ce- 
MeHCTBa MHOJKeCTB. CeMeHCTBO MHOJKeCTB - 9TO MHO>KeCTBO 
{ A t - 1 ? G /} = {Ai}j- 6 /, 9JieMeHTaMH KOToporo hbjihiotcji MHO>KecTBa 
A*, i G /, Ai G P{B). PoBopjiT, hto {A*|* G /} ecTt ceMeilcTBO 
MHOJKeCTB, HH^eKCHpOBaHHHX MHO>KeCTBOM I . 

IlycTt {A x |i G 1} - HeKOTopoe ceMeficTBo MHO>KecTB. OSnbe- 
^HHeHHeM 9Toro ceMeiicTBa (hjih o6T>ejuiHeHHeM MHO>KecxB 
Ai, i G I) iTBJIHeTC5I MHOJKeCTBO 

(J Aj = {x G E\ (3) ie I: x G A t -}. 

*G/ 

Ilepece^ieHHeM axoro ceMencxBa (hjih nepeceneHHeM mho- 
JKeCTB Ai, i G /) JIBJIJieTCJI MHO>KeCTBO 
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Pi A t = {x 6 E\x e Ai, (V) i e /}. 
i€l 

B cjiynae, Kor.ua I = {1,2,..., rc}, nmiieM 



71 



PI A{ — A\ U A ’2 U . 
iei 


■ ■ U A n = (J 

t = l 


Pj A{ = A\ n A2 n . , 


• • n A n =n 



i£.I i=l 

8. JXnarpaMMti 3miepa-BeHHa. JXwarpaMMaMH 
9miepa (b CYA - Bernra) Ha3biBaioTCJi (frarypbi, npn no- 
MomH KOTopBix H3o6pa>KaioTC.H MHO>KecTBa (npyra, KBajpaTbi, 
npUMOyrOJIBHMKH H T.Jl. ) H rtOKa3I>IBaiOTCil HarJIH/tHO HeKOTOptie 
CBOHCTBa iieiTCTBIIH HaH MHO«eCTBaMH. 

ripuMep. HoKa3aTb 3a,KOH rte Moprana 

C E (AnB) = C E (A)uC E (B), 

Hcnojib3yji /utiarpaMMbi 9iiJiepa. 

PemeHne. 



E 



a ns 

a) 6) 

Phc. 1.2 

Ha pHc. 1.2, a) 3 aiuTpjixoBaHHaji ^acTb oto A D B; a He 3 a- 
inTpnxoBaHHaii (BHe AD B) npej.cTaBJifleT C E (A n B ). 

Ha puc. 1.2,6) 3 aniTpHXOB aHHaa \\\\ nacTb KBa,zipaTa paBHa 
C e {A), a //// paBHa C E (B). Bch 3 amTpHXOBaHHaa nacTb ecTb 
C e {A)UC e (B) (He 3 aiHTpHXOBaHHafl nacTb ecTb b tohhocth AnB). 

Ha 9 THX pHcyHKax bhjcho, *ito C e { A n B) ( He 3 aniTpuxoB aHHaji 
^acTb Ha pHC. 1.2, a) coBnan.aeT c C e (A) U C e (B) (^iacTb 3 a- 
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HITpHXOBaHHcLH KaKHM-HH6yZU> 06pa30M pMC. 1.2,6), T.e. 

C E (AnB) = C E (A)uC E (B). 

1.2. PeraeHHBie npHMepu 

1. Hjlh jnoGbix ^Byx MHo>KecTB A h B HMeeM 
An B = A\(A\B). 

PeLueHMe. PIcnojib3yB onpejiejieHHB onepamra Ha4 MHo>KecT- 
BaMH, nocjiejiOBaTejiBHO nojiy^iaeM 

x e A\{A\ B) S§! 0 € A A z £ (A \ B)) & 

( 3 7 ) 

& (xe A A (i^AV a;e£))^((a: eA Ai^A)V(ieAAx6 £))<£> 
^(i€AAxe 5 )SxeAnB. 

H3 9 toh nocjienoBaTejiBHOCTM paBHOCHJiBHbix nepexojioB cjie/iyeT 

A\(A\B) C ADB u AH B C A\(A\B), 

hto h Tpe6oBajiocb jioKa3aTb. 

3a Mena HHe. Paeencmeo mozhcho doKammb u npu uomoui,u du- 
azpaMM BuAepa. 





CjiejioBaTejibHo, An£ = A\(A\ B). 

2. A jib Jiio6bix A,B C E cnpaBejjJiHBo paBeHCTBo 

(An B)U( In B) = (A u B) n (TtTb ). 

PeLuenne. A irajmTM^ecKMM MeTO^. Hcnojib3yn onpe/ie- 
jieHHB onepamm Ha# MHOJKecTBaMii, nojiyqaeM 
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x e (A n b ) u ( A n b) Q (x e (A n B ) v x £ ( A n B)) & 

^ ((x £ A A X £ B ) V (x £ A A x £ B)) <£> ((x £ A V x £ A ) A (x £ AV 
V 2 G i?) A (i 6 5 V i G i ) A (i G B V i £ 5)) 

O (x € (A U B) A (j £ AVx £ B )) ( o (iG(AuB)Ai^ (AflB)) 

S (x £ (A U 5) A x £ ( 17Tb )) S x € (A U B) D ( XhTB ). 

0Ta nocjiejioBaTejiLHOCTb paBHOCHJibHbix nepexo/ioB noKa3BiBaeT 
cnpaBeztJiHBOCTb yTBp>Kjxeimfl 3a.naMii. 

rpa<j)H^ecKHH MeTO/i;. HcnojiB3ya KpyrH 9Sjiepa, nojiy- 
Maeii 




MMeeM ( A (1 B ) U ( A fl B ), hto h npe;jcTaBJineT 3amTpnxoBaHHaji 
MacTb KBaxipaTa (cm. pwc. 1.3, a). Ha puc. 1.3 bhziho, ^to 
(AnB)u(AnB) = (AuB)n(AnB). 

3. Ajih jho 6 bix ^Byx MHoa<ecTB A,J5 C E cnpaBejuTHBa 

paBHOCHJIbHOCTb 

A\B = B \ A & A = B. 

PemeHne. nycTb A\B - B\A. HonycTHM, mto A 7 ^ B. Toiyja 
cymecTByeT a £ A, rzce a £ B. jih 6 o 6 £ J9, r,ne b £ A. 

B nepBOM cjiyqae no:iyMaeM 0 £A\ 5 h(i^B\A, mto npo- 
THBopeMMT paBeHCTBy A \ B = B \ A. Bo BTopoM cjiy^ae TO«e 
nojiy^aeM npoTHBOpeMHe. 

Cjie/ioBaTejibHo, A \ B = B \ A => A = B . 

06pa.THoe omcbh/iho. 
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4. HaHBi MHo>KecTBa A = {1,2,3,4,5,6,7,8,9,10}, B = {2,4, 
6,8.10} h C = {3,6,9}. IIpoBepHTB cnpaBe.zuraBOCTb paBencTB: 

а) A\{BuC) = (A\B)n(A\ C); 

б) A \ (B nC) = (A \ Z?) U (A \ C). 

PeiueHMe. a) HMeeM 5uC = {2, 3, 4, 6, 8, 9, 10}, A\(5uC) = 
= {1,5,7}, A\B = {1,3, 5, 7, 9}, A\C = {1,2,4,5,7,8,10}, 
(A \B)n(A\C) = {1,5,7} - A\{BUC). 

6) Aim BToporo paBeHCTBa HMeeM 

B n C = {6}, A \ (. B n C) = {1.2, 3, 4, 5, 7,8.9, 10}, 

(A\ B)U(A\C) = {1,2,3,4,5,7,8,9,10} = A\(5nC). 

5. HaMTH, MHO>KecTBa A h I?, KOTOpbie yzxoBJieTBopjnoT BceM 
Vcjiobhhm: 

1) AU5 = {1,2, 3, 4, 5}; 

2) AD B = {3,4,5}; 

3) 1 £ A\5; 

4) 2 £ B \ A. 

PeiueHne. H3 1) h 2) cjie.nyeT {3,4,5} C A C A u B h 
{3,4,5} C B C A U B. M 3 3) cjieztveT 1 ^ A jih6o 1 € B. 
Ecjih 1 0 A, Toma H3 A U B = {1,2, 3, 4, 5} cjieayeT 1 £ B. 
Ecjih >Ke 1 £ J9, Toma 1 ^ A, Tan Kan b hpothbhom cjiynae 
1 £ .4 H B — {3,4,5}. CjieixoBaTejibHO, ocTaeTCH 1 £ B h 1 g .4. 
AnajiorHHHo H3 4) BbiTeKaex 2 ^ B, a 2 £ A. JIpyrHMH cjioBaMH, 
{3,4.5} CAC {2, 3, 4, 5} h {3,4,5} C B C {1. 3,4,5}, 
rue 2 £ AUl?. 1 £ AU J9, h noTOMy A = {2,3,4, 5}, a B = {1, 3.4, 5}. 

OTBeT: A = {2, 3, 4, 5}, B = {1,3, 4, 5}. 

6. JIjih 3azs.aHHbix MHo»cecTB A — {llfc + 8|fc £ Z}, B — {4m|m £ 
£Z} h C = {ll(4n + 1) — 3jr? £ Z} noKa3axb, ^ito An B = C. 

PeilieHHe. Hto6bi nojiyHMTb HCKOMoe paBeHCTBo, n;oKa>KeM 

KCTHHHOCTb paBHOCHJIbHOCTH 

x£Ani?<^x£C. 

Ilycb x £ A n B. Toma x£Avlx£Bvl noTOMy cymecTByioT 
7TRa ne/tbix HHCJia k, m £ Z TaKHe, hto £ = 11A’ + 8 — 4m <=> 1 1 At = 
— 4(m — 2). B 3 tom paBeHCTBe npaBUH HjieH .zxejiHTCH Ha 4, ho 11 
h 4 B3aHMHO npocTbie HHCJia. IIo9TOMy H3 llk'A cjie/xyeT k\ 4, T.e. 
k — 4t jijir HeKOTOporo t £ Z. Toma 

x = Ilk + 8 = 11 • At + 8 = 11 • At + 11 - 3 = 11(4* + 1) - 3, 
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a 9 to BJie^eT x £ C, T.e. mbi .nonasajiH MMnjiHKamiio 



x £ A. fi B x £ C. (1) 

OSpaTHo, nycTb y £ C . Tor\a;a cymecTByeT 5 £ Z, r\ne 
y= ll(4.s + l) -3- 11-45 + 11-3 = 11-45 + 8 = 4(115 + 2). 
rfojiaraji 4s = u £ Z h II 5 + 2 = t? £ Z, nojiynaeM 
y = llu + 8 = Av £ A fl B, 
a 9TO iioKa3biBaeT cnpaBeTUiHBOCTL HMnjiHKaijHH 



yeC^yeAnB. 



( 2 ) 



M 3 (1) h (2) cjie^yeT HCKOMoe paBeHCTBo. 



7 . HaHBi MHO>KecTBa 



A = 



x £ 7R 



2ar < 4 a: — 6 
4.T — 11 < 2.T + 1 



h B = .4 n JV. 



HaMra: 

а) Bee MHO»;ecTBa A', r/te BuX = {3, 4, 5, 6, 7, 8, 9}; 

б) Bee MHO>«ecTBa Y = {y £ Z\y 2 £ B U A'} Tanux, 
5nF = {3}. 



MTO 



PemeHne. HaEUeM mhokcctbo A: 



f 2a: < Ax — 6. f 2a; > 6, 

\ Ax -ll<2x + l ^ \ 2x < 12 



x > 3, 
a: < 6 



<£7 ar £ [3; 6). 



Torzia 5 = [3; 0) fi IX = {3, 4, 5}. 

a) BceB03M0®Hi>ie nojcviHO>KecTBa MHo^ecTBa B 6y.ayT 
0, {3}, {4}. {5}, {3,4}, {3,5}, {4,5}, {3,4,5} = B. 



McKOMLie MHOJKeCTBa X HOJDKHH 6MTb TaKHMH, hto6bi X U B = 
= {3,4, 5,6, 7,8,9}, a noTOMy b;oji*hbi 6bitb BHaa X = C U {6,7, 
8.9}, r^e C £ P(B ), T.e. HCKOMBie b n. a) Mno>KecTBa cjie^iomHe: 
A+ = {6, 7. 8, 9}, X 2 = {3,677,8,9}, X 3 = {4, 6, 7, 8, 9}, 

A 4 = {5. 6. 7. 8. 9}, A 5 = {3,4,6, 7,8,9}, A 6 = {3, 5, 6, 7. 8, 9}, 

A 7 - {4,5, 6, 7, 8, 9}. A s = {3,4, 5, 6, 7,8, 9}. 

6) Tan Kan y £ Z, to y 2 £ IV, m o6paTHo, y^HTtmaii, hto 
y 2 £ B U A = {3, 4, 5, 6, 7, 8, 9}, nojiynaeM y 2 £ {4,9}, T.e. y £ {-3, 
-2,2.3} = M. HacTHMH MnoatecTBa M -Sbjlhiotc.h MHOJKecTBa: 

0, {-3}, {-2}, {2}, {3}, {-3,-2}, {-3,2}, {-3,3}, {-2,2}, 
{-2.3}, {2,3}, {-3. -2,2}, {-3, -2.3}, {-3,2,3}, {-2,2,3}, M. 
M 3 ycjioBHii B D Y = {3} BLiTeKaeT, mto Y 6yzteT o.tthq h 3 

MHO*eCTB 
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I'l = {3}, >2 = {-3,3}, y 3 = {-2,3}, Y 4 = {2,3}, Y s = {-3, - 2 , 3}, 
Y e = {-3,2,3}, Y 7 = {-2,2,3} h y 8 = M = {-3, -2,2,3}, 

Otbct: a) A € {A r j , A^, A 3 , A 4 , X 5 , Xq, Xj, A'g}; 

6 ) Y e {Y^Ys^Ys^Yr.Ys}. 

8 . Hairra MHO^ecTBa A, B, C C T yl A A B, ecjm 

r = {1,2, 3, 4, 5,6}, A A C = {1,2}, B A C = {5,6}, 

4flC = 5nC = {3,4}. 

PeiiieHMe. H 3 A n C — B nC = {3,4} cjiexiyeT, mto {3,4} C 
C An B C\ C. M3BecTHO, hto 

A A C = (A \ C) U (C \ A) = (A U C) \ {A n C), 

B A c = ( B \ C) U (C \ B ) - ( B U C)\(BD C ). 

Torjta 

1 G A A C O' (1 6 AUCM £ AOC) <S> ((1 € AVI € C)A1 £ ADC). 

Bo3mo»chli cjiejiyiomHe cjiyHait: 

а) 1 ^ A h 1 G C; 

б ) 1 G A h 1 ^ C (TpeTira cjiy^afi lGAHlGC^lGAnC' = 
= {3,4} HeB03M0>KeH). 

B nepBOM cJiynae, 1 ^ A h 1 € C, H 3 B A C = {5, 6 } cjie^yex, 
hto 1 € 15, b npoTHBHOM cjiy^iae, ecJin l^BuleC=> 1 e C\B C 
C B A C = {5,6}. H Torj;a nojiynaeM 1 G B n C = {3,4}, hto 
H eB03M0>KH0, a noTOMy 1 G A, 1 ^ C. AHajiornHHO nojiy^aeM 
2GA, 2 ^h2^C, 5 G 5 h 5 ^ A, 5 £ C, 6 G £ h 6 0 A, 6 £ C. 

ApyrHMH cjioBaMH, 

A - {1,2. 3, 4}, B = {3, 4, 5, 6}, C = {3,4} h A A B = {1,2, 5, 6}. 

OTBeT: A = {1,2, 3, 4}, B = {3, 4, 5, 6 }, C = {3,4} h 

A A B = {1,2, 5, 6 }. 

9. AaHM MHo>KecTBa A = {1,2}, B = {2,3}. HaMra MHoatec- 

TBa: 

a) Ax5; 6 ) B x A; b) A 2 ; 

r) B 2 ; a) (AxB)n(BxA); e) (Au5)x5; 

at) (Ax5)U(5x 5). 

PeiueHMe. McnojiB3yH onpe^eneniie .neitapTOBoro npoH 3 Be- 
, 3 . 6 hub HByx MHoatecTB, nojiynaeM: 

а) Ax B = {(1,2), (1,3), (2,2), (2,3)}; 

б ) Bx A = {(2,1), ( 2 , 2 ), (3,1), (3,2)}; 
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B) A 2 = {(1,1), (1,2), (2,1), (2,2)}; 
r) B 2 = {( 2,2), (2,3), (3,2), (3,3)}; 
a) (AxB)n(BxA) = {(2,2)}-, 

e) AU B = {1,2,3}; (A U B) X B = {(1,2), (1,3), (2,2), (2.3), 
(3,2). (3,3)}; 

*) (AxB)u(BxB) = {(1,2), (1,3), (2,2), (2,3), (3,2), (3,3)} = 
= (.4 U B) x B. 

10. ilaHbi MHo*ecTBa A = {1,2, a:}, B = {3,4, y}. Hairra x h 
y. eCJIH H3B6CTHO, HTO {1,3} X {2,4} c A x B. 

Peuiehme. CocTaBJineM MHO>KecTBa A x B h {1,3} X {2,4}: 
AxB = {(1,3), (1,4), (1, y), (2,3), (2,4), (2,y), (ar, 3), (4,4), (x,s<)}; 

C = {1,3} x {2,4} = {(1,2), (1,4), (3,2), (3,4)}. 

Tan Kan {1,3} x {2,4} C A X B, nojiynaeM 

(1,2) € C => (1,2) G A x B => (l,y) = (1,2) =► y = 2; 

(3,4) G C =>- (3,4) G A x B =>- (3,4) = (x,4) => x = 3. 

Rjik x = 3 h y = 2, HMeeM (3, 2) G A X B. 

Otbct: x = 3, y - 2. 

11. 2IoKa3aTb, hto ecjiH A D B, to 

Ax B = ((A\B)x B)u B 2 . 

PeuueHne. B C A => (A \ B) U B = A h noaTOMy 
AxB = ((A\B)uB)xB = ((A\B)xB)u(BxB) = (( A\B)xB)uB 2 
(6bijio npHMeHeHO paBecTBo (.4 U B) x C = (A x C) U (B x C)). 



12. Ckojibko ajieMeHTOB HMeeT mhojkcctbo 

• 2 + l 



A = < x G Q 



n 



x — 



n = 1,1000 



} ? 



2 n 2 A n + 1 ’ 

PemeHMe. Mho/kcctbo A HMeeT cTOJibKo a JieMeHTOB , ckojibko 
pa3JiHHHbix 3HaHeHHH npHHHMaeT n;po6b (n 2 -H)/(2n 2 +n+l), Korna 
n npHHHMaeT 3HaneHHfl: 1, 2, 3, . . . , 1000. BbiOnpaeM 3HaneHHH n , 
hjih KOTopbix n;po6b npHHHMaeT paBHbie 3HaneHHH. 



IlycTb m,/ G .tfV*, m < l h 



+ 1 



Z 2 + 1 



Toma 



2m 2 + m + 1 2/ 2 -f Z T 1 

(ra 2 -f 1)(2Z 2 + Z+ 1) = (/ 2 + l)(2m 2 + m+ 1) O (m-l)(m+l -ml+ 1) = 

— 0 m A l — ml + 1 = 044 m(/ — l) — l A 1 & m = t— r 



(/ — 1) + 2 , , 2 
O m = — - — m = 1 + 



Z- 1 



/- 1 



l- 1 
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TaK KaK m G i?V*, to 
m G IV* O - G IV* O 2\{l -l)o 

Ilpn 1 = 2 nojiynaeM m = 3, a npn 1 = 3 HMeeM m = 2. y^HTBi- 
Baii, hto m < /, rrojiynaeM m = 2 h / = 3. TaKHM o6pa30M, tojilko 
iipn n = 2 n n = 3 nojiyqaeM o^hh m tot >Ke ajieMeHT MHO*ecTBa 
A: x = 5/11. 

OTBeT: MHOJKecTBo A HMeeT 999 a JieMeHTOB , T.e. w(A) = 999. 

13. HaHTH nejiue HHCJia ar, y, .zijiji KOTOpwx hcthhho yTBep- 
>K^eHHe (x — 1) • (y — 3) = 13. 

PeiiieHMe. OSoanaHUM 

.4 = {(x,y) 6 Z 2 |P(a,-): (x - 1) • (y - 3) = 13}. 

Tan KaK 13 - npocToe m hcjio, a £, y 6 Z, to bo3M0jkhki cjie^tyioiiine 
cjiy'qan: 



X — 


1 = 1, 


f 


x — 


1 


= -!» J 


f * 


- 1 = 


13, 


f x — l = 


-13, 


y- 


3 = 13, 


t 


y- 


3 


= -13, 1 


l y 


- 3 — 


1, 


{ y~ 3 = 


-1, 


npezi;jio>KeHHe 


P(x 


) 


HCTHHHO TOJIBKO npH 








J * = 


2, 


s 


X 


= °, l 


\ X 


= 14, 


{ X 


= -12, 






l y = 


16. 


■ 1 


y 


= -io, 1 


{ y 


= 4, 


l y 


= 2. 





OTBeT: A = {(2,16), (0, -10), (14,4), (-12,2)}. 



14. HailTH MHO>KeCTBO 

A = {x G IR\y/ a A x A y/b A x A y/c A x = 0, a,6,c G 1R}. 

PemeHne . Ta K Ka K y/a + x > 0, y/b + x > 0, y/c A x > 0, to 

paBeHCTBO y/d + X + y/b A X A y/c A X = 0 B03M0HCH0 TOJIBKO B 
cjiynae, Kor^ca o^HOBpeMeHHO 

a + x = b + x = c + x = 0 & x = -a = -b = -c. 

Tor/ia: 

а) ecjiH x oTfl 6 bi j Ba HH CJia H3 ^xaHHBix a,bc pa 3 JnraHM, to 
paBeHCTBO y/a A x A y/b A x A y/c A x = 0 HeB 03 M 0 >KH 0 , H B 3 TOM 
cjiynae A = 0; 

б) ecjm a = b = c, to x = -a u A = {-a}. 

OTBeT: 1) npn a = b = c HMeeM A = {—a}; 

2) ecjiH me xoth 6bi jBa HHCJia H3 .naHHBix a, b h c pa3JiHHHBi, 
TO A = 0. 



/ — i = i, r 1 = 2 , 
1-1 = 2 ^ 1 = 3 . 
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15. HcLHTH MHO>KeCTBO 

A = {x £ Z \ min(x + 2, 4 — x/3) > 1}. 

PeiueHne. Bo3mo>khm cjiynaH: 

x + 2<4 — x/3 jih6o x + 2 > 4 — x/3. 

PaCCMOTpMM Ka/KBCblH CJiyHaH B OTHeJIbHOCTH. 

1) x + 2 < 4 — x/3 <4 3a* + 6 < 12 — x <+> 4a; < 6 +> x < 3/2. 
Torna nojiynaeM 

min(x + 2, 4 — x/3) > 1 +> x + 2 > 1 x > — 1. 

Ilejibie HHCJia x, hjih KOTOpbix — 1 < x < 3/2, - 9 to —1,0, 1. 

2) x + 2 > 4 - x/3 +> x > 3/2. Torna 

min(x + 2,4 — x/3) > 1 ^ 4 — x/3 > 1 <+> 12 — x > 3 <=> x < 9. 
Ilejibie MHCJia x. hjih KOToptix 3/2 < x < 9, - bto 2, 3,4, 5, 6, 7, 8, 9. 
C JieiiOBaTe JibHO, 

A = {-1,0, 1,2, 3, 4, 5, 6, 7, 8, 9}. 

OTBeT: A = {-1,0, 1,2,3, 4, 5, 6, 7, 8, 9). 

16. HaHTH jieHCTBHTejibHbie 3HaneHHfl napaMexpa m, hjih ko- 

TOpblX MHOJKeCTBO 

A = {.r G 1R\( m — l)x 2 — (3m + 4)x + 12m + 3 = 0} 

HMeeT: 

a) ohhh 3JieMeHT; 

6) ^Ba. BJieMeHTa; 

b) nycTO. 

PeuieHne. Mho/kcctbo A coBnanaeT c MHO>KecTBOM KopHeS 

KBaBpaTHoro ypaBHeHHH 

(m — l)x 2 — (3m + 4)x + 12m + 3 = 0, (1) 



h penieHHe 3an,aHH cbotchtch k Haxo>KHeHHfo 3HaneHHH napaMeTpa 
m G JR , npn KOTopbix ypaBHeHHe HMeeT ohhh KopeHb, HMeeT HBa 
pa3JIHHHbIX KOpHH H He HMeeT KOpHeH. 

a) YpaBHeHHe (1) HMeeT ohhh KopeHb (nBa paBHbix kophh) 
Torna h TOJibKo Torna, Korna D = 0 npn a — m — 1^0 jih6o Korna 
a = m — 1 = 0. P accMOTpHM bth cnynaH. 



1) D = (3m + 4) 2 — 4(m — l)(12m + 3) = -39m 2 + 60m + 28 = 0 

30 - 2\/498 



+>• 39m 2 — 60m — 28 = 0 <+> 



m = 



m = 



39 

30 + 2\/498 
39 
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2) IIpn m = 1 ypaBHeHHe (1) npHHHMaex bh,zi —5x + 15 = 0 
x — 3. Cae^oBaTejiBHo, MHO>KecxBo A ozmoajieMeHTHo npn 



m E 



30-2y / 498 1 30 + 2\/498 1 



39 7 ” 7 39 

6) ypaBHeHHe (1) HMeeT B3a pa3HLix KopHH xorna h tojibko 
T orzta. Koraa D > 0, x.e. 

n n on 2 *n oo n /30-2\/498 30 + 2\/4M \ 

D > 0 39m 2 — 60m — 28 < 0 <£> m E { , j . 

V 39 ’ 39 ) 

b) YpaBHeHHe (1) He HMeex KopHen D < Oo 39m 2 - 60m- 



-28 > 0 <^> rn E ( - 






30 + 2\/498 



39 



■, +oc 



~ . f 30 — 2V498 , 30 + 2\/498 1 

1 \ 39 ’ ’ 39 J 

_ f 30 — 2\/498 30 + 2\/498 1 

6 ) m e <1 — ™ ™ — j; 



b ) m G — oo , 



39 39 

30 - 2\/498 '\ y /30 + 2^498 



39 



39 



, +oo 



17. Ilycxt iiaHBi MHOHcecxBa A = {3,4,5} h B — {4,5,6}. 
IlepeHHCJiHXL ajieMeHXM MHO*ecxB 4 2 fl5 2 h (A\(B\A))x(BDA). 



PeiiieHMe. a) Hjih nepBoro MHo»cecxBa HMeeM 
A 2 = {(3,3), (3,4), (3,5), (4,3), (4,4), (4,5), (5,3), (5,4), (5,5)}, 
B 2 = {(4,4). (4,5), (4,6), (5,4), (5,5), (5,6), (6,4), (6,5), (6,6)}, 
A 2 PB 2 = {(4,4), (4,5), (5,4), (5,5)}. 

6) Hjlfl BToporo MHO?KeCTB cl HMeeM 

B\A = {6}, A \(B \ A) = A, B n A = {4,5}. 

Toraa Ax (Bn A) = {(3,4), (3,5), (4,4), (4,5), (5,4), (5,5)}. 

OTBeT: A 2 n B 2 = {(4,4), (4,5), (5,4), (5,5)}; 

A\{B\ A) X (B n A) = {(3,4), (3,5), (4,4), (4,5), (5,4), (5,5)}. 



18. Hjlh 3a£aHHbix mhohccoxb A = {1,2, 3, 4, 5, 6, 7} h B — 
- {2.3,4} peiHHTt ypaBHeHHB .4 A X = A \ B h (A A Y) A B = 
= C a (B). 

PeiiieHHe. Hjih pemeHHH yKa3aHHbix ypaBHeHHH npHMeHHM 
cBoMcxBa CHMMexpHHecKOH pa3HocxH: A A (.4 A B) = B , acco- 

HHaXHBHOCXB H KOMMy XaXHBHOCXb . 

a) .4 A X = A\B => A A (A A X) = A A (ADB)^X = A A {A\B). 
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Ho A\B = {1,5,6, 7}, A\(A\B) = {2,3,4}, {A \ B) \ A = 0 h 

noTOMy 

X — A A (A \ B) = (A \ (A \ B)) U ((A \B)\A) = 

= A\(A\B) = {2,3,4} = B. 

6) (A A Y) A B = A \ H ^ (A A B) A Y = A \ B 

& (A A B) A ((A A 5) A 7) - (A A H) A (A \ B) => 

<&Y = (A A B) A (A\ B). 

BbiHKCJitfeM 

4A5 = (4\5)U(5\4) = {1,5, 6 , 7} U 0 = {1,5, 6 , 7}. 
CjienoBaTejiBHO, 

Y = (A\B) A (A\B) = 0. 

Otbct: X = B, Y = 0. 



19 . ilaHbi MHO>KecTBa 

A = {x G M\ [a; — 1| + |2 — x| > 3 + x}, B = {x G M\(x 2 — 4) x 
x(x + 3)(i -f 2) 2 < 0}. HaiiTH MHo*ecTBa A U B, A n B^A.B, 
A \ B, B \ A, (Au B) \(B\A)kAx{B\ A). 

PemeHne. 1) HaxojmM MHo>KecTBa A h B. 



a) x G A +> jx — 1| + |2 — x\ > 3 + x \x — 1| + \x — 2| > 3 + x (*} 




(*) 






0 12 x 

HepaBeHCTBO * paBHocmibHO coBOKyiraocTH Tpex cHCTeM ee- 
paBeHCTB: 

X G (-00, 1), r f x G (-00,1), 

1— x + 2 — x>3 + x, \ x < 0, 

xe[l;2), f*€[l;2), 

x — 1 + 2 — x > 3 + x, { x < —2, 

x G [2, +oo), | xG[2,+oc), 

x — 1 + x — 2 > 3 + x, _ \ x > 6 
x G (—oo,0), 

<+ x G 0, AxG (— oo, 0) U (6, +oo). 

x G (6, +oo ) 

CneiioBaTejibHO, 

A = (— oo, 0) U (6, +oc). 

6 )xG5a (x 2 - 4)(x + 3)(x + 2) 2 <0^(x + 2) 3 (x + 3)(x - 2) < 
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< 0 <£> x £ (— 00 , -3] U [-2; 2]. 
HpyrmiM cjioBaMH, 

B = ( — 00, —3] U [-2; 2]. 

2) HaxojmM HCKOMbie MHo>KecTBa reoMeTpunecKH 




-3 -2 0 2 6 x 

a) A U B — ( — oo, 2] U (6, +oo) 

6) AO B = (-oo, -3] U [-2; 0) 

b ) A = C r {A) = [Q;6] 

r ) B — C r (B) = (—3, — 2) U (2,+oc) 
n) A \ B = (— 3, — 2) U (6, +oc) 
e) B \ A = [0; 2] 
tk) (A U B) \ (B \ A) = 0 



3) .4 x (B \ A) = {(x,*,) 6 M 2 \x e [0:6], y € [0; 2] 




0 2 x 



20 . 40 y^eHHKOB Haimcajm KOHTpojibHyio pa6oTy no MaxeMa- 
TKKe, KOTopan co^xepavajia onny 3an;any, onno HepaBencTBo h o/dso 
To>KnecTBO. Tpn yneHHKa penmjm npaBHJibHO xojibKO 3anany, 5 - 
xojibKo HepaBeHCTBo, 4 - noKa3aJiH TOJibKO xoHonecxBO, 7 - He 
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peiirajra tojibko 3az[any, 6 - He peiroura tojibko HepaBencTBo, 5 - 
He H;oKa3ajiH tojilko TO>K/xecTBO. OcTajiLHbie yHeHHKH peniHJiH 
Bee npaBHJiBHO. Ckojibko tbkhx ynemiKOB? 

PemeHMe. IlycTB A 9to mhokcctbo yneraiKOB, KOTOpbie peniH- 
jih tojibko 3aHaHy, B ~ TOJibKO HepaBencTBo, C - _aoKa3ajra tojibko 
TOHuieCTBO, D - MHO>KeCTBO yneHHKOB, KOTOpbie peHIHJm TOJIBKO 
3aji;aHy h HepaBeHCTBo, E - MHo*ecTBo ynemiKOB, KOTOpbie pe- 
hihjih TOJibKo 3an;aH:y h jioKa3ajra ToncziecTBo, F - mhojkgctbo 
yneHHKOB, KOTOpbie peuiHjm tojibko HepaBeHCTBo h ,HOKa3ajiH 
TOKHeCTBO, a G - MHOJKeCTBO yneHHKOB, KOTOpbie peiHHJIH Bee 
npaBHJibHo. 

H 3 H3Jio*eHHbix ycjioBHH cneziyeT, hto n(A) = 3, n(B) = 
= 5, n(C) - 4, n(D ) = 8, n(E) = 7, n(F ) = 9. Ho, Tab KaK 
Ka*HJ>iM M3 ynennKOB, kto HHcajr KOHTpoJiBHyio paSoTy, peniHJi 
no KpaHHeM Mepe npaBHJibHo ojiho 3anaHHe, h Tan KaK o6ihhm 
9 jieMeHTOM Bcex MHO>KecTB A,B,C, D.E.G nBJineTCH tojibko nyc- 
Toe MHO)«ecTBo, to oo'beHJiHeHHe MHo»cecTB A, B,C,D,E<F,G h 
ecTb MHoncecTBo Bcex yneHHKOB, KOTOpbie nucajm pa6oTy. 

CiieiioBaTeJibHO, n(A (JBUCUDUEUFUG) = n(A) + n{B) + 
+n(C) + n(D) + n(E) + n(F) + n(G). HoaroMy n(G) = n(A U B U 
UC U D U E U F U G) - n(A) - n(B) - n(C) - n(D) - n(E) - 
—n(F) = 40 — 3 — 5 — 4 — 8 — 7 — 9 = 4.' 

OTBeT: CjieHOBaTeJibHO, 4 yneroiKa peiroum npaBHJibHo bcio 
pa6oTy. 

21. (3a,n;a*ia MaTeMaxHKa Xlo^JKCoHa.) B neKOTopoH 
OKecToneHHOH cxBaTKe 72 H3 Tex 100 pa36oHHHKOB, KOTOpbie 
ynacTBOBaJiH b Hen, noTepjuiH otchh rjia3, 75 - o.rmo yxo, 80 - 
onny pyny h 85 - ozniy Hory. KaKOBo naHMenbinee hhcjio 
pa.36oHHHKOB, KOTOpbie nOTepHJIH OTCHOBpeMeHHO H TJia3, H yxo, 
h pyKy h Hory? 

PeLLieHMe. nyCTb A - MHOJKeCTBO 0/THOrJia3bIX pa36oHHHKOB, 
B - MHO)KeCTBO pa36oHHHKOB 6e3 OilHOrO yxa, C - MHO>KeCTBO 
pa360HHHK0B C OJIHOH pyKOH, a D - MHO>KeCTBO pa36oHHHKOB C 
OJJHOH HOTOH. 

B 3ajiaHe Tpe6yeTcn onemiTB MHo>KecTBO A D B fl C D D. 

OneBM/tHO, HTO yHHBepCaJIbHOe MHOJKeCTBO E COCTOHT H3 
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MHO>KeCTBa A C\ B 0 C 0 D H H3 HHCJia pa36oHHHKOB, KOTOpBie 
coxpaHKJiH jih6o 06 a rjiaaa, jih6o o 6 e pyKH, jih6o 06 a yxa, jih6o 
o 6 e Horn. 

IIoaTOMy E = {AnBnCnD)\JAUBuCuD. OTCiona BBixeKaeT, 
^ito MHO>KecTBO E He MeHBine (He HMeeT Menmie a JieMeHTOB ) , neM 
cyMMa HHceji aJieMeHTOB MHo*ecTB A,B.C,D h A n B fi C D D 
(paBeHCTBo bo3mo>kho tojibko b cjiynae, Korna MHOHcecTBa A,B,C 
h D nonapHo He nepeceKaioTcn). 

Ho 77.(1) = 30, n(B) = 25, 77(C) = 20, h n(D) = 15. 

IIojiynaeM n(E) = 100, T.e. 100 < 77(.4fl.BnCnZ)) + 30 + 25 + 20 + 15. 
CenoBaTejiBHo, n(A n B fl C fl D) > 100 - 30 - 25 - 20 - 15 = 10. 

TaKHM o6pa30M, He MeHee 10 pa36oHHHKOB noTepujiH onHOBpe- 
MeHHO h rjiaa, h yxo, h pyny h Hory. 

OTBeT: He MeHee 10 paaSoHHHKOB. 

22 . H3 100 yneHUKOB 28 H 3 yHaioT aHr jihhckhh tbbik, 8 - an- 

T JIHHCKHH H HeMeHKHH H3BIKH, 10 - aHT JIHHCKHH H ({) p aHHy 3 C KHH 
H3BIKH, 5 - (f>pa.Hn;y3CKHS m HeMeHKHH h3bikh, 3 - Bee xpn H3biKa. 
Ckojibko yneHHKOB H3ynaioT tojibko ohhh h3bik? Ckojibko He 
H3yHaiOT HH OHHOrO H3BIKa? 

PemeHne. nycTB T-MHo>KecTBo yneHHKOB, KOTOpBie rovnaioT 
anr jihhckhh iobik, B - HeMeHKHH h3bik, C - (f)paHHy3CKHH hbbik. 
Toma MHOTKeCTBO yHeHHKOB, KOTOpBie H3yHaiOT H aHT JIHHCKHH 

h HeMeHKHH 6yneT .4(15, anr jihhckhh h (f) p aHHy 3 c khh - A fl C, 
4>paHHy3CKHH H HeMeHKHH - B fl C, aHT JIHHCKHH, HeMeHKHH 
H (j)paHHy3CKHH - A fl B fl C, MHOTKeCTBO y HeHHKOB , KOTOpBie 
H3ynaioT xoth 6bi ohhh H3 9thx Tpex h3bikob. 6yneT .4 U 5 U C. 

H3 yCJIOBHH, H3JIO>KeHHBIX BBIIHe, BBITeKaeT, HTO yneHHKH, 
H3ynaioiHHe tojibko aHr jihhckhh H3bik, cocTaBJiniOT MHOJKecTBO 

A \ (A n B) U (A fl C), tojibko HeMeHKHH - 5\(.4fl5)u(5nC), 
TOJIBKO 4>paHHy3CKHH - C \ (A fl C) U (B fl C). 

Ho, TaK KaK 4 fl 5 C 4, to n(A \ ((A fl B) U (.4 n C))) = n( A) - 
-n({Ar\B)u(ADC)) = n(A)-(n(AnB) + n(AnC)-n(AnBnC)) = 
= 77(44) - 77.(44 D B) - 77(44 n C) + n(A nBnC), 
AHajiorHHHo, n(B \ ((A fl B) u (. B n C))) = n(B) - n(A n B)— 

— n(B 0 C) + n{A n B fl C) ; 

7?(C\{(44nC)U(BnC))) = n(C)-n(ArC)-n(Br\C) + n(ADBnC). 

nycTB D - MHOTKeCTBO yHeHHKOB, KOTOpBie H3ynaEOT TOJIBKO 
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OZtHH H3HIK. Torna 

n(D) = n( A \ (( A n B) U (A D C)j) + n(B \ {{A n B) U (B 0 C)))+ 
+n{C\((AnC)u(BnC))). 

C^e^oBaTejibHO, n(D) = n(A)-n(AnB)~n(Ar\C)An(AC]BnC) + 
+n{B) - n(A ft B) - n(B n C) + n(A nBnC) + n(C ) - n{A n C) - 
—n(B n C)A n(A n B D C) = n(A) + n{B) + n(C) - 2 n{A n B) - 
-2n(AnC)-'2n(Br)C) + 3n(Ar)BC)C) = 28+30+42-2-8-2-10-2-5+ 
+3 • 3 = 63. n(D ) = 63. 

Hhcjio yqenHKOB, Koxopbie He H3yHatoT hh oHHoro jobraa, 
paBHO pa3HOCTH Me/KHy o6mHM HHCJIOM yneHHKOB H HHCJIOM 
yHeHHKOB, KOToptre H3ynaK>T xoth 6bi ohhh H3BIK, T.e. n(H) = 
= n(T) — n(A U B U C), rne H - MHO>KecTBO yneHHKOB, KOTopwe ne 
n3y^aioT hh ojjym h3lik, a T - MHO>KecTBO Bcex 100 yneHHKOB. 

H3 ycjiOBHH 3anaHH HMeeM n(A U B U C) — n(A) + n(B) + 
+n(C) - n{ A n C) - n(B n C) - n(A n B) + n(A nB DC) = 28 + 30 + 
+42 - 8 - 10 - 5 + 3 = 80. Tor.zxa n(H) = 100 - 80 = 20. 

Otbct: 63 yneHHKa H3ynaioT tojibko ohjih h3bik, 20 yneHHKOB 
He H3ynaioT hh ohjih H3biK. 



1.3. IIpe^JiaraeMMe ynpaacHeHHJi 



1. YKa>KHTe KaKHe H3 nepeHHCJieHHbix HH*e yTBep>KzieHHH 
HCTHHHBI, a KaKHe JIOttCHM? 

a) x G {#}; 6) x = {x}; 

b) x ± {a-}; r) 0 G {0}; 

n)0-{0}; e)0G{0}; 

») 0 = {a}: 3) 0 G {ft}; 

h) 0 C {a}; k) {x} C {x}; 

{0}; m) {1,3,3} = {1,{2, 3}, 3}; 

h) {1,2, 3, 4, 5} = {4, 1, 3, 5, 2, 4, 5}; o) {3-1, 6 + 3} = {2, 5 + 3}; 
n) {a + ft} = {2ft}, a G M. 

2 . y KancHTe KaKHe H3 nepeHHCJieHHLix HH»ce yTBep>K.neHHH 
HCTHHHbl, a KaKHe JIO/KHM (.4, B H C- ' - HpOH3BOJILHLie MHO>KeCTBa ) ? 

a) {A G B h B G C) => A G C; 

6) {A C B h B G C) => A G C; 

b) (41 / B h B 7^ C) => + 7^ C\ 

r) (A n B C C h A U C C B) => A n C = 0; 

JX) {A C (MC)h b C (Xu ~C)) =» B = 0 ; 
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e) (A C B §i B C C h C C .4) =* A = B = C; 
w) ^(-4 U 5) = {A x U B y \A x G P(A), P a € P(P)}; 

3) P(AnP) - P( A) n P(P); 

h) A C 0 => A = 0 ; 

k) AC5uC=>An5CC; 

ji) E C A => A = P; 

m) A C P => P U C C A U C; 

h) A C B => B C A; 

o) ACP=>(AnP = 0HAuP = P). 

3. IlycTL A = {a: G Qja: 2 — 12a: + 35 = 0}, 

B = {xe Q|a- 2 +2x-35 = 0},C = {i6 Q|(i 2 +1)(7i-1) = 0}. 

а) HaiiTM MHO*ecTBa A,5hC. 

б) yTo^HHTb, npHHa^Jie>KaT hjih He npuHa/ureTKaT 9 thm mho- 
>KecTBaM ajieMeHTbi 1/5, 5, 7, 1/2. 

4. HaiiTH MHcm<ecTBa 

A = {a: G ]N*\x = 2n , n = 1,9}, 

B = {y G IV*|y = 4m + 6n, m = 1,3, n — — 1, 0 }. 

5. IlycTb A = {a: G JN\x = An + 6m, 72, m G iV*}. 

а) YKasaTb Tpn ajieMeHTa MHoasecTBa A. 

б) npOBepHTb, HBJIHIOTCH JIH HHCJia 26, 28,33 9JieMeHTaMH mho- 
»ecTBa A. 

6. yKa3aTb xapaKTepHCTH^ecKHe CBoitcTBa 9 JieMeHTOB cjie- 
HyioiHHX MHOTKecTB: A = {4,7,10}, B = {3,6,12}, C = {1,4,9,16, 
25}, D = {1, 8,27,64, 125}. 

7. CbOJIbKO 9JieMeHTOB HMeiOT MHOTKeCTBa: 

A = {a: G Q|ar = 3 n/(n A 2), n = 1,50}, 

B = {y CQ\y = (n - l)/(2 n + l ), n . = MO}, 

C — {z G 7R|a: =. (an+6)/(c72+d), a,b,c,d € M, cd > 0, n = l,p}? 

8. AaHo MHO»ecTBo A = {-3, -2, -1, 1, 2, 3}. Hairra ero noji- 
MHOHcecTBa A: 

Ai = {a: G A|P(x): 2a: + 1 = a:}, 

A -2 = {y e A j Q ( A/ ) : \y\ = y} t 
A 3 - {- G A\R(x ): \z\ = -z}. 
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9. Haimi MHoacecTBa: 



a) A = {x E Zj min(x + 1,4 — 0.5x) > 1}; 

6) B = {x E Z| max(x — 2, 13 — 2x) < 6}; 

b) C = {x E 2V*| min(3x — 1, 2x + 10) < 20}; 

r) D = {a: E IV*j max(20 — x, (45 — 2x )/3) > 13}; 
.a) f; = {x E Zj min(2x + 7, 16 - 3x) > 0}; 
e) F = (a: E Z| max(x — 1, 1 — x) < 4}; 

>k) G — {x E 1R\ min(x — 1, (13 — x)/2) < 3}; 

3 ) H = {x <E IR | max(x + 1, 7 — x) > 5}; 
h) I — { 3 * E Zj max(i + 1,4 — 0.5x) < 1}; 
k ) .J = {x e JN*\ min(20 - x, (45 - 2x)/3) > 20}; 
ji) K — {x 6 Z[ min(x + 2, 10 - x) > -2}; 
m) L — {x E Z| |x — 4j < 8}. 



10 . CpaBHHTB (C, D, = , 2$) MHOJKecTBa A h 5, ecjra: 



a) A = < x E Q 



272 + 1 

x = , n 

n + 4 



E W* J, B = {x E A\x < 2}; 



6 ) A = 



x e Q 



3t? 2 + 1 

n 2 + n ' 



n E JN* 



, B = {x e A\ 2 < X < 3}; 



b) A — {x E Z|x - + 5x + 10 — tt. 2 , 77 E i/V }, B — { — 6, — 3, — 2,1}; 
r) A = {x E Z|x 2 + 3x - 3 = n 2 , n E TV}, T? = { — 7, —4, 1, 4}; 
a) A = {x E Z|x 2 + llx + 20 = 77 2 , w E iV}, T? = { — 16, 5}; 
e) A — {x E R| | x— 1 1 + |x — 2| > 5}, B — {x E JR|(5/(x-4)) > — 1}; 
*) 4 = { 2 ; E R| |x | + |1 - x | >2}, B — {x E iR|4x 2 - 4x - 3 > 0}; 
3 ) .4 = {x E R| 4x 2 - 4x — 3 > 0}, 5 = {xE 7Rj(3/(x + 1)) < 1}. 



11. IlycTB A = {1,2, 3,4, 5, 6, 7}. B = {5,6,7,8,9,10}. Hc- 
noJib3yji ckmbojim U, D, \, C (.nonojraeHne), onmimTe nocpe^;- 
CTBOM MHO>KeCTB A, B H TV* MHO>KecTBa: 

a) Ai ■= {5, 6, 7}; 

6) A-2 = {1, 2,3,4}; 

b) A 3 - {1,2,3,4,5,6.7,8,9,10}; 
r) A 4 = {8,9, 10,. . .}; 

R) A 5 = {8,9,10}; 

e) A 6 = {1,2,3,4,11,12,13,...}; 

*) A 7 = {1,2,3,4,8,9,10}. 
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12. HaMTH MHo^ecTBo E b cjiynae, ecJiH oho ne yKa3aHO, 
h ero HacTH A, Z?,C\ KOTopne ojcsoBpeMeHHo ynoBJieTBopjiioT 
yCJIOBHHMI 

a) AuB = {1,2,3, 4, 5, 6, 7}, AnB — {1,2 },A\B = {5}; 

6) A = {2,5,9,13,18,20}, B = {2,6,18,20}, 

AU B = {1,5,6,9,13,14}; 

b) A D B = {1,3}, A - {5,6,7,9,10}, A A B = {2,4,5,8,9,10}; 
r) AU B = {1,2. 3, 4, 5}, A\B = {1,4}, A fl B % {3.4,5}, 

E = {1,2, 3, 4, 5}; 

fl)Au5UC = {l,2,3,4,5},Afl5nC = {4}, A\ B = { 1 . 2 }, 
A\C = {1,3}, 5 gAUB, £ = {1,2, 3, 4, 5}; 
e) E = {1,2, 3, 4}, 1 G A, {2,4}D£ = 0, 3 G AOBnC , 4 G AnC, 
AnB <£C, BUC%A, AuBuC = E: 

*) E = {1,2, 3, 4.5}, AU5 = £, AnB = {2,3}, {2, 3, 4, 5} D B % 
% A, {1,4} n A <£ B; 

3 ) E = {1,2,3}, AuBuC = E, AnB £ C, AnC £ B , BnC = { 2 }, 
1G5\C; 

h) E = {1,2, 3, 4, 5}, AU5 = E, AnB = {1,2}, 5 £ A\B, 

A HMeeT SojiBine ojieMeHTOB, B ; 

k) E = { 1 , 2 , 3, 4, 5, 6}, A\J B U C - E, An B nC = {5}, 

A\ B = {1,3,6}, A\C = {1,2,4}; 
a) E = {1,2, 3, 4}, AnB = {1,2}, A\B = {1,2,4}, {1,2,3} £ B, 
A HMeeT MeHbrne ajieMeHTOB, neM B; 
m) A = {1,2, 3, 4, 5, 6}, i? = {1,5,6, 7}, AUB = {2,3,4,7,8.9,10}, 
AnB = {8,9,10}; 

h) E = {a,b,c,d,e,f,g,h,i}, A D B = {<*,/, i}, 

Au{c,A,e} = {(2,c,(i, e,/, h,i}, B(j{d,h} — {b,c,d,e, 
o) E = {1,2, 3,..., 9}, AH B = {4,6,9}, 

A U {3,4,5} = {1, 3, 4, 5, 6, 8, 9}, B U {4,8} = {2, 3,..., 9}. 

13. HaHTH MHOHcecTB a A,5,A U B, A O B, A \ B, B \ A, 

A A B, A U (B \ A), A \ (B \ A), A x B, B x A, (A U £) x A, 

B x (A \ B), ecjin: 

. . f 8n — 18 

a) A=<x£ IN x = — — , n G jPV >, 
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B = < x G Zjx = 



9 n 2 — 48n + 16 
3?z — 8 



6 ) A = jz € Q 2 = ^ n G W J, 
B = { !/€Qy= ^|’ fc6W } ; 



b ) . 4 = < 2 G iV 2 = , n G iV > 

l n + 2’ J’ 

B = { #6Zl ' = lTT’ nelv } i 



r) A = < a: G iV 



22 + 5 



l |* + 1 J 

f 2n 2 + 4n + 2 

£=<2GW?/ = r . n G W 

{ n l + 1 



a) A — < x G Z 



e) A = < 2 G Z 



3 — x 
5 + 2 



; + M 

M-M 



= < 2 G Z 



; 2 - 62 + 6 
2 — 1 



ez ; 



*) A = <j 2 G Z 



2 — 3 



= < 2 G iV I 



G Z } , £ = < 2 G iV 



>1 ; 



3 ) A = < 2 G Z 



: 2 - 52 + 6 



B = < x € IN 



2 + 3 

2 2 — 52 + 6 



}’M 

- e z|, 



2 + 1 
2 — 3 



l I * + 3 

h) .4 = {2 G JN*jx = 2 n, n = 1, 10 }, 

B — {y G iV *|t/ = 4m + 6n, m = 1, 3, n G {— 1, 0}}; 
k) A = {2 G 1R| \x - 7| + }2 + 7| = 14}, 

5 = {2GZt|2 + 3| + |2-9| = 14}; 
ji ) A ~ {n 2 — 5|n G IV}, B = {n 2 + 5|n G 2V}; 
m) .4 = {n 2 — 50 1 G 2V}, B = (n 2 + 50|n G W}; 
h) A = { n 2 — 500|rc G 2V}, B = {n 2 + 500|n G 2V}; 
o) + = {2 G lR| 2 -\/ 2 2 - 1 — \/2}, 5 = {2 G 2 R| 82 2 — 2\/22 + 3 = 0}. 

f In — 4 1 

14. IlycTb Af = {2 G Q 2 = — , n e N* >. 

I n + 3 1 
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а) Hairra MHOj-KecTBa: 

A = {x & M\x < 6}, B = {x e M\x < 7}, C = {x G M\x G Z}. 

б) Ckojibko ajieMeHTOB HMeeT MHo>KecTBo D = {x G M\x < 
< (699/100)}? 



15. HaHTH MHo>KecTBa A, B C E, ecjin 

A A B = {2,4,5,8,9,10}, AnB = {1,3}, A = {5,6,7,9,10}, 

E = {1,2,3,4,5,6,7,8,9,10}. 

16. HaiiTH MHOJKecTBO E h ero nacra A h B , ecJiH 

A = {2, 5, 9, 13, 18, 20}, ~B = {2, 6, 18, 20}, A U B = {1,5,6,9,13,14}. 

17. CpaBHHTb MHO>KecTBa A h J9, ecjin: 
a) A = {a* G iRjVx 2 — 25 < x + 1}, 

B — lx G m\ 



B 



L G JK / ^ "I" 1 ^ 0? 

I G ^ \ x 2 — 25 < (x + l) 2 }' 

{x G M\y/a 
jx g m | 



6) A = {x G iRj\/^ 2 — 16 • (x 2 - 80) < \/x 2 - 16}, 
x 2 - 16 > 0, 
x 2 — 80x < 1 



b) A = {x G M\V6 + x — x 2 > 2x — 1}, 

6 + x — x 2 > 0, 

2x - 1 > 0, 

6 + x - x 2 > (2x - l) 2 , 
r) A = { x G lR|2x - 3 r < x - 4 - * 



B = < x £ 1R 



x - 5 

B = {x G lR|2x — 3 < x — 4}; 



x — 5 



£) .4 = |x G iR - 5( x -x 2 - l)(x + 4) < — ^(x — x 2 — l)(3x + 1)| , 
B — {x G iR|x -j- 4 <C 3x 1}; 

e)A =f € Hvfe <0 }’ B = f €ffi l(7fc) 2<0 } ; 

w) A = {x G iK|\/x + 3 • y/x — 3 < 1/2}, 

B = {x G lR|2i/(x + 3)(x — 3) < 1}. 

18. HaHTH zzeHCTBHTejibHbie 3HaneHHa napaMeTpa m, npH ko- 
Topux MHOH<ecTBO 4. HMeeT CUZHH ajieMeHT, a Ba ajieMeHTa. jih6o 
HBJ iiieTCii nycTbiM, ecjin: 

a) A = {x G 2Rjx 2 -1- mx +1 = 0}; 
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6) 4 = {x G lR\mx 2 — 5x + m = 0}; 

b) A = {x G lR|x 2 — mx + 3 = 0}; 

r) A — {x G lR\x 2 — 2(m — 2)x + m 2 — 4m + 3 = 0}; 

zO .4 = {x G IR|(m + l)x 2 - (5 m -f 4)x -f 4m + 3 = 0}; 

e) A — {.i* G IR|x 2 — mi -f 36 = 0}; 

>k) A = {x G JRj(2m — l)x 2 + 2(1 — m)x + 3m = 0}; 

3 ) A = {x G M\mx 2 — (m + \)x + m — 1 = 0}. 

19. HaiiTH hhcjio 3 JieMeHTOB MHOH<ecTBa A: 

a) A — {x G Qjx = ( n 2 + 3)/(n 2 -f n), n = 1, 50 }; 

6) A = lx G Q x = * , 2 G Z, |z| < 45}; 

{ (z + 6){z + 5) J 

b) 4 = (or G Z|(x 2 + 1)(5 — x 2 ) > 0}; 

r) 4 = {x G Z|(x 2 - 3)(x 2 - 33)(x 2 - 103)(x 2 - 203) < 0}; 

a) A = jx G Z x = - € Z j; 

e) 4 = 1 1 G W x = — — — , zG zl. 

\ z +1 j 

20. PaccMaTpMBaioTCii MHO*ecTBa 4, B , C. HaiiTH 4flJ5flC. 

а) 4 = {10x + 3|x G IV}, I? — {12?/ 4* 7|?/ G IV}, 

C = {152 -j- 13|z G IV}; 

б) 4 = {15n - 700|n G IV}, 5 = {270 — 10m|m G IV}, 

CT = {48A? + 56|Jfc G 

21. HaiiTH 4 0 H, ecJin: 

a) 4 = {6n -f l\n G IV}, B = {114 — 7m|m G IV}; 

6) 4 = {3p + 28 |p G IV}, B = {107 - 14g|g G IV}; 

b) 4 = {3n - 2 | n G IV}, B = {1003 — 2m|m G IV}. 

22. HoKa3aTb cbohctbb onepaiiHH naa mhokcctb aMH (cm. 
n. 1.1). 

23. HoKa>KHTe paBeHCTBa ( A,B,C h t.^. - npH3BOJii>Htie 

MHOJKecTBa): 

a) 4 \ B = 4 \ (4 H B) = (4 U B) \ B; 

6) 4\(5uC) = (4 \ H) n (4 \ C); 

b) 4\( J BnC) = (4\H)u(4\C); 
r) (AnB)\C = (A\C)n(B\C); 

n) (4 \ B) n C = (4 n C) \ (B n C) = (4 n C) \ B; 
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e) (A U B)\C = (A \C)U(B\ C)\ 
w) (A\B)\C = A \ (B U C): 

3) A \ (B \ C) = (A \ B) U (A fl C): 

H) .4 n {B A C) = (A D B) A (A n C): 
k) (4 0 5) A A = A\B ; 

n n 

JI) .4U(f|B,')= f|(AuSi); 

i= 1 i=l 

n n 

m) 4\(f|B,)= U(.4\B,); 

i=l z=l 

n n 

h) 4\(|jB.) = f|( A \ B >)' 

i=l i=l 

24. Hasti MHOJKecTBa A = {1,2,3}, B = {2,3,4}, C — {3,4,5} 
h D = {4,5,6}. OnHfflHTe ajieMeHTLi cjie;iyiomHx MHO>KecTB: 

a) (.4 x A) n (5 x 5); 

6) A 2 x C 2 ; 

b) ( A \ J5) x (C \ D); 
r) (An 5) x (Cn B); 
a) (A U B) x (5u£>); 
e) (A x B) \(C x D); 

*) (A\5) x(Cn£); 

3) (A \ C) x (£\£>); 

h) (A \{C \ D)) x ((D \ B) U A): 
k) (A A B) x (D A 5). 

25. AaHLi MHO>KecTBa A, B h C. PeiiiHTe ypaBHemiH 

( AfB ) A X = C, r/ie / € {U, n, \, A}: 

а) A = {1,4,6}, 5 = {5,7.9}, C = {1,2, 3, 4, 5, 6, 7.8, 9}; 

б) A = {4,5,6}, 5 = {1,2.3. 4,5, 6, 7}, C = {1,5. 6, 7}. 

26. HaHTH MHo>KecTBa A R 5, A U B , A, B. A \ B. B \ A, 
A U ( B \ A ), Af) ( A \ B). ecjra: 

a) A = {x E lR\{x—3)(‘2+x)(4—x) > 0}, B — {x E 2R|:r 2 — 7aH-12 < 0}; 

6) A — {a* E IR\4x 2 — 12x + 5 < 0}, i? = {a: E 2R|l/2 < x < 5/2}; 

b) A = {.t E JR\x 2 — ox + 6 < 0}, B = {ar E M\1 < 2x + 7 < 3}: 

r ) A — {j E 1R|(.t 2 — 4)( x + 1) > 0}, B = {iE lR|,r 2 - 2x — 3 > 0}; 

£) A = {.r E JR\2x(x + 7) = x 2 + 3x}, B = jz E iR 

e) A = {x E iR | { x* 2 — 4 ,t)(£ + 1) < 0}, B = {a: E IRJx 2 — 2x — 3 < 0}; 



ox 2 = Qx, } 
ox + 4 = 0 J 1 
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>k) A = {x G _K|3x(x — 2) — (x +- l)(x — 13) = 0}, 
x 2 +- 7 — 0, 

13x 2 - Ux + 9 = 0 

s) A = {x G M\3{x - 9) 2 - 2(x - 9) - 16 = 0}, 



B = < x G M 



B — { x G 1R 



x 2 — 14x +- 49 = 0, 

9, _ , .. 

x - - U + - = — 




B = < x e ]R 






h) A = {x G JK|4(2x - 3) 2 - 4(2x - 3) + 1 = 0}, 

\/3x 2 -i + 2 = 0, 

3(4x — 7)(x 2 + 1) = 0 
k) A = {x G R\ |2x— lj < |4x+l|}, B = {x e M\ |3x-lj-|2x+3| > 0}; 
ji) A = {x G JR\ |4 — 3x| > 2 — x}, B = {x £ M\ \2x — 3| > 2x — 3}; 
m) A — {x G iR|6x 2 — 2x +- 1 < 1}, B = {x G M\x 2 + 2|xj — 3 < 0}; 
h) A — {x G M\ jx| + (x — 1] < 5}, B = {x G M\ |x+- 1| + |x — 2| > 5}; 
o) A={xG JRj i|x — 3| +- lj > 2}, B = {x G M\ ||x-l| + x| < 3}. 




r JI A B A II 



OTHOHIEHHH M $yHKHMH 

2.1. OcHOBHBie onpe/i;eJieHHH. 

O 6o3Ha^eHHH 

I. OxHomenHii, bh^i,i OTiioineHHM. KoMno3Hi^M ot- 
HomeHHH. IlycTb A h B ~ jxb& HenycTbix MHo^ecTBa n A x B - 
hx neKapTOBoe npoH3Be,zi;eHHe. IIoztMHo>KecTBO R C A x B Ha3bi- 
BaeTCB OTHomeHMeM Meamy gjieMeHTaMH A h 3JieMeHTaMH B. 
B cjiynae, Kor\ata A — B, OTHomeHHe R C A x A Ha3biBaeTCH 6 k- 
HapnbiM OTHomeHKeM, onpe^ejieHHbiM Ha MHo»ecTBe A. 

Ecjih HMeeTCH OTHomeHHe R C A x B, Torna juia ynopirnoHeH- 
hoh napbi (a, b) G Ax B jih6o (a, 6) G R , jih6o (a, b) $ R. B nepBOM 
cjiynae nirnieM aRb h HHTaeM “a HaxoiUiTCH b OTHOHieHHH R c 6”, 
a bo BTOpoM cjiynae HHineM aR>b h HHTaeM “a He HaxoHKTCH b 
OTHOH ieHHH R C b'\ TaKHM o6pa30M, 3 anOMHHM , HTO 

aRb <£> (a, b) G #. 

lion o6jiacTi.K) onpe^ejieHHH OTHomeHM R C A x B 

HOHHMaeM HOHMHOJKeCTBO C A, COCTOHHiee H3 Tex H TOJILKO Tex 
gjieMeHTOB MHoacecTBa A, KOTopbie HaxonflTCJi b OTHOHieHHH R c 
OHHHM 3JieMeHTOM H3 B , T.e. 

<5* = {z G A)(3) y £ B, (x, y) G i2}. 

lion o6jiaCTt>K3 3HaTeHHH OTHOHieHHH R C A X B HOHM- 
MaeM HOHMHOaceCTBO Pr C £, COC/TOHHiee H3 Tex H TOJIbKO Tex 
3JieMeHTOB MHOHteCTBa KOTopbie HaXOHHTCH B OTHOHieHHH R 
XOTH 6bl C OJtHHM 3JieMeHTOM H3 A, T.e. 

Pr = {y € £|(3) iG A, (z, y) G #}. 

OSpaTHoe OTHomeHHe. Ecjih HMeeTCH OTHomeHHe 
R C Ax B, Torna non oopaxHhiM OTHOinenHeM k oTHomeHHio 
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R 6 yzteM noHHMaTB oTHonieHHe R 1 C B x A, onpeu;e;i.HeMoe 
paBHOCHJIfcHOCTBIO 

( 6 , a) G R~ 1 O (a, b) G R , 

T.e. 

iT 1 = {( 6 , a) € B x A|(a, 6 ) € £}. 

llpuMep 1. IlycTL A = {1,2}, B = {4,5,6} h OTHomeHHJi 
a = {(1,5), (2,4), (2,6)} C AxB, 3 = {(2,4), (2,5), (2,6)} CAxB 
h 7 = {(4.1). (4,2), (5,1), (5,2)} C B x A. 

HafiTH oSjiacTH onpeiiejieHiiii h 3HaHCHHH /biui 3 thx oxHoine- 
HHH H COOTBeTCTByiOmHe HM oSpaTHbie OTHOIHeHUH. 

PemeHne. a) = {1,2} = A, p Q = {4,5,6} B ; a -1 = 
= {(5,1), (4,2), ( 6 , 2 )}; = B , p a _x - A; 

5) ^ = {2}, p 0 = {4,5.6} = P: /T 1 - {(4,2), (5.2), (6,2)}; 

^t? -1 — P/ 3- 1 = { 2 }; 

B) L f = { 4,5}, = {1,2} = A; 7- 1 = {(1,4), (2,4), (1,5), (2,5)}; 

^ 7 -i ~ A, p 7 -i = {(4,5)}. 

KoMEt03M]yMJI OTHOmeHHH. IlyCTb JiaHbl TpH MHO>f£eC- 
TBa A,B,C. PaccMOTpHM oTHonieHHH R C Ax B, S C B xC . 
OTHonieHHe R o S C A x C, nocTpoeHHoe nocpencTBOM paBHO- 
CKJIbHOCTH 

(a, c) £ Ro S <$■ (3) 6 6 B ((a, b) £ R A ( 6 , c) G 5), 

T.e. 

floS = {(a,c) € A X C|(3)6 G £((a,&) £ R A ( 6 ,c) G 5)} CAx C, 
Ha 3 biBaeTCii KOMno 3 Hi];HeH OTiionieimH R vl S. 

llpuMep 2. nycTb A,B.a,fl , 7 xe >Ke, hxo h b npHMepe 1. 
HaiiTM a o q, a o /?, a 0 7 , (3 0 7 , /3 -1 o a, /3 _1 o /3, 70 /3 -1 , 

7 _1 0 ,3 _1 h (A o 7 )" 1 . 

PemeHHe. 06paXHM BHHMaHHe, HXO K0MH03HHHH OTHOnieHHH 
aC.CxDcl3C.ExE cymecTByex Torna h tojibko Torna, Korna 
D = E. 

a) Tab KaK a C A x B 1 (3 C A x 5, to a o a h a o 8 He 
cymecTBytoT. 

6 ) q C A x B h 7 C B x A => a o 7 G A X A. OnpexjejiHM a- 07 : 
(1,5) G a h (5, l)G 7 ^(l,l)Goo 7 , 

(1,5) G a h (5,2) G 7 => (1,2) 6007 , 

(2.4) G a h {(4,1), (4,2)} C 7 => {(2,1), (2,2)} C a 07 ; 
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(2,6) £ a, ho b 7 Hex hh oxdejoh napti, KOTopan HMeJia 6 l>i nep- 
bom KOMnoneHTOH 6 . Cjie^OBaTejibHO, 007 = {(1,1), (1,2), (2, 1), 
( 2 , 2 )}. 

b) 3 C Ax B. 7 C B x A => (3 0 7 cymecxByex. noBTopHH 
paccy>K^eHHH H 3 6 ), nojiynaeivi 

,/3o 7 = {(2,1), (2,2)}. 

r) 3 ~ l CBxAnaCAxB^- ( 3 ~ l 0 a C B x B h 
r 1 oa = {(4,4), (4,6), (5,4), (5,6), (6,4), ( 6 , 6 )}. 
a) 3 ~ l CBxAuj 3 CAxB=> 3 ~ l o p C. B x B h 
3 ~ l o ,6 = {(4,4), (4,5), (4,6), (5,4), (5,5), (5,6), (6,4), (6,5), 

( 6 , 6 )} = B 2 . 

e) 3 C A x B h /T 1 C B x A => j 3 o /l” 1 C A x ,4 h 
3 0 3- 1 = {( 2 , 2 )}. 

>k) 7 _1 C Ax B h /? _1 C B x A => 7 _1 o /? _1 C A x A h 

7“ 1 or 1 = {(1,2), (2,2)}. 

3 ) (/3 07)- 1 = {(1,2),(2,2)} = 7 - 1 o/5- 1 . 

OTHomeHMe paBeHCTBa. IlycTB A - HeKOTopoe MHo^ec- 
tbo. OTHonienHe 

1 A = {(x, x)jx G A} =A C A x A 
Ha 3 biBaeTCH OTHOineHHeM paBeHCTBa Ha A, T.e. 

xl A y & x = y. 

OneHb noae3Hoil JTBJmeTCii 

TeopeMa 1 . Ilycnib danu MHODtcecmea A,B,C,D u omnomeHusr 
RCAxB, S C B x C, T CC x D. Tozda: 

1) (RoS)oT = R o (S o T) ( KOMno3uu,ujr omnomenuu accoyua- 
muena); 

2) 1 A 0 R = R 0 l B = R; 

3 ) (R0S)- 1 = S ' 1 0R- 1 ; 

4 ) (R- 1 )- 1 = R. 

OTHOmeHHJ! 3KBHBaJieHTHOCTH. BHHapHoe OTHOHieHHe 

R C A 2 Ha3biBaeTCH: 

a) pe4>JieKCHBHBiM, ecjm xRx rjik (V) x € A; 

6) CHMMeTpHHHUM, ecJiH (xRy yRx ), (V)x,y 6 A; 

b) TpaH3HTHBHHM, ecjm ({x Ry A yRz)=> xRz), (V) x, y, 2 6 A; 
r) aHTHCHMMeTpHHHHM, ecjm ((xify A yilx) => x = y), 

(V)x,y G A; 

#) OTHOineHHeM aKBHBajieHTHOCTH Ha A, ecjin oho hb- 
JIHeTCH pe(|)JieKCHBHI>IM, CHMMeTpHHHBIM H TpaH3HTHBHLIM; 
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e) aHTnpe<f>JKeKCHBHbiM, ecjiH xH.x jxjik (V) x £ A. 

IlyCTB R - OTHOineHHe 9KBHBaJieHTHOCTH Ha MHO>KeCTBe A. Hjih 

Kanoioro aJieMeHTa x £ A MHO^ecTBo 

Rx - {y € A|z%} 

Ha3BIBaeTCH KJiaCCOM SKBHBaJieHTHOCTH X HO MOHyJIIO R (hm 
no OTHomeHHio R), a mhokcctbo 

A/JZ - {i^x £ A} 

Ha3BIBaeTC.fi (})aKTOp-MHOJKeCTBOM (hJIM MHOfKeCTBOM BBI- 

neTOB) A no R. 

CBOHCTBa KJiaCCOB SKBHBaJieHTHOCTH. IlyCTB R - OT- 
HomeHHe aKBHBajieHTHOCTH Ha MHO*ecTBe A h x,y £ A. Torna 
cnpaBenaHBBi caenyiomne yTBepfKneHHJi: 

1 ) *£ £ Rxi 

2) R x — R y & xRy <£> y £ R x ; 

3) R x R y ^ R x n R y = 0 ; 

4) U ^ = A. 

Pa36neHne neKOToporo MHOJKecTBa. IlycTB A - Henyc- 
TOe MHOHieCTBO. CeMeHCTBO nO_HMHO)KeCTB {Ai\i £ 1} MHOJKecTBa 
A Ha3BiBaeTCH pa36wceHneM Ha A, ecjm BBinojiHeHBi cnenyiomHe 
ycJioBHH: 

1 ) z £ / =>- Ai ^ 0; 

2) A,- 7^ Aj => Aj- D Aj = 0; 

3) |J A, = A. 

iei 

TeopeMa 2. Mast akSozo omnomenusi dKeueaAenmnocmu R na 
MHODtcecmee A $ aKmop-MHODtcecmeo A/R = {i^jx £ A} xeAsremcx 
pa36uenueM na A. 

TeopeMa 3. JIajt aio6ozo pa,36uemur S = {A t |i £ /} MHootcecmea 
A cym,ecmeyem eduncmeennoe omnomenue dKeueaAenmnocmu a s na 
A marcoe, nmo 

A/a s = {A,|i £ I}. 

O THonieHHe a s C A 2 ctpohtch no npaBHJiy 

xa s y (3) i e I (x £ A t - A y £ A*). 

JlerKO noKa3BiBaeTcn, hto a s hb jmeTCH OTHonieimeM bkbhb ajieHT- 
hocth Ha Ah y^oBJieTBopjieT Tpe6yeMOMy paBeHCTBy. 
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ripUMep 3. OnpenejiHM Ha MHO>KecxBe Z 6 nHapBoe oTHomeHHe 
cv no npaBHJiy aab (a — 6 ):h, me n E JN*,n <J)HKCHpoBaHHoe, 
(V) a, b € Z. 

a) HoKa 3 axB, hto a ecTb OTHomeHne OKBHBajieHXHocxn Ha Z. 

6) HaMxH cxpoemie KJiaccoB oKBHBaJieHXHOcxH. 

b) IIocxpoHXb 4)aKXop-MHO>KecxBO Z /a. npmio>KeHHe: n = 5. 

PemeHMe. a) IlycxL a, 6 , c E Z, xorna: 

1) pe<f>JieKCHBHOCTi> a — a — 0:n => aaa; 

2 ) CHMMeTpHHHOCTb aa& => (a — 6 ):n => —(6 — a)\n ^ 
=> (6 — a);n 6 aa; 

3) TpaH3HTHBHOCTb (aa& A 6 ac) =» ((a — b)\n A (b — c):n ) => 
=» ((a - 6 ) + (b - c)):n => (a - c):n =>• aac. 

M 3 1) - 3) BHixeKaex, hxo a ecxb oxHomeHHe OKBHBajieHXHOcxn 
Ha Z. 

6 ) Ilycxb a E Z, xoma 

q„ = { 6 € Z|oa 6 } = { 6 € Z|(&-a)in} = {f> € Z|(3)/ € Z: 6 -a = ni} = 

= {6 € Z | ( 3 ) i € Z: 6 = a + nt} = {a + n«|i € Z}. 

B cHJiy xeopeMbi o neJieHHH c ocxaxKOM hjih nejibix nuceji a h 
n nojiynaeM 

a = nq + r a , 0 < r a < n — 1. 

Toma 

a + nt = nq + r a + nt = r a + (nt + nq) = r a + ns , 
me .s = t + q E Z, h noxoMy 

a a = {r a + E Z}, 
me r a - ocxaxoK ox nejieHHH a Ha n. Ho 

a = nq + r a a - r a = nq & (a - r a ):n & aar a & a a = o ra - 
HpyrnMH cjiOBaMH, KJiacc oKBHBajieHXHOcxH a E Z coBnanaex c 
KJiaccoM ocxaxKa ox nenemui a Ha n. 

b) Tan Kan ox nejieHKH Ha n Moryx 6 bixb nojiyneHbi xojibko 
ocxaxKH 0, 1,2, . . . , n - 1, xoma H3 6 ) cnenyex, hxo HMeeM xohho 

n pa3 JIHHHbIX KJiaCCOB 3 KBHBaJieHXHOCXH: 

Oo, Ol, ^2, . • • , C^n-l* 

KaK npaBHJio, npuMeKHexcH o 6 o 3 HaneHne a : = i = 0,n— 1. 

Toma ____ 

Z /a = { 6 , 1 , 2 , 1 }, 

me i cocxohx H 3 xex h xojibko xex HeJibix nuceji, Koxopbie npn 
HeaeHHH na n naiox ocxaxoK i, i = 0, n — 1. 

Hjih n = 5 noJiynaeM 
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rne 



Z/a = {0,i,2,3,4}, 



6 = {± 0 , ± 5 , ± 10 , ± 15 ,...} = { 5 *|* G Z}, 

1 = {1 + $q\q G Z} = {. ..,-9, -4.1,6,11,...}, 

2 = {2 ± osjs G Z} = {...,-8, -3,2, 7, 12,...}, 

3 = {3 + 5u|uG Z} = {...,-7, -2, 3,8, 13,...}, 

4 = {4 + 5t?|v € Z} = {...,-6, -1,4, 9, 14,...}. 

OnpefleneHMe. Omnomenue a Ha 3 weaemcx OTHomenneM 
KOHrpyaHi];HH no Mo/jyjno n ho Z, kjicicc a = a a na 3 ueaemcsf 
KJiaccoM BbmeTOB no Mojiyjiio n a ezo ajitMtHmu. ho, 3 u- 
eaiomcff npedcmaevmejisfMu amozo KAacca. 

IIpuHiiToe o6o3Ha^eHne: 

aab <£> (a — b):n a = 6(mod n), (a KOHrpyaHTHO b no Monyjno n), 
a 

Z / c = Z n — {6, 1, 2, . . . , n — 1} 
ecxb MHo>KecTBO Bcex KJiaccoB BbinexoB no Monyjiio n. 

ripMMep 4 (reoMeTpHHecKHfi). IlycTb tt - HeKoxopan hjioc- 
KocTb h L - MHoacecTBO Bcex npBMbix Ha 9 tom njiocKocTH. Onpe- 
nejiHii Ha L 6nnapHoe oTHomeHHe ,3 no npaBHJiy 
d\3d,2 -<4- d\ || d-2, (V)<i|,c?2 G L. 

a) IIoKa3aTb, hto ft ecxb OTHomeHHe sKBHBajieHXHOcxH Ha L. 
6) Onucaxb KJiaccbi BbraexoB no Monyjiio j3. 

b) YKa3axb (f)aKXop-MHO>KecxBO. 

PeiueHHe. a) OneBHHHO. nxo j3 ecxb oxHoineHHe aKBHBajienx- 
hocxh (Ka^naH npiiMan napajniejibHa ce6e, ecjiH d\ || d 2 => d 2 || di 

H 

(di || d 2 A d 2 || d 3 ) => di |j d 3 ). 

6) Ilycxb d G L. Torna KJiacc 

(3 d = {l e L\lad} = {l e L\l\\d} 

cocxohx H3 xex h xojibKO xex npHMbix H3 L . Koxopbie napajuiejibHbi 
npHMOH d. 

b) Lfd = {j3d\d G L} - SecKonenHoe MHoncecxBO, xan Kan Ha 
njiocKocTH 7r HMeexcn 6ecKOHenHoe MHo*ecxBO HanpaBJieHuK. 
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ripuMep 5. HaHo MHo^ecTBO A = {1, 2, 3,4, 5, 6 , 7,8,9} h ero 
nouMHO^ecTBa, A x = {1.2}. A 2 = {3.4,6}, A 3 - {5,7,8}, A 4 = {9}, 
Bi = {1.2.4}, B-2 = {2.5.6}, B 3 = {3,7,8,9,10}. 

a) IIoKa3aTB. hto S = {Ax, A 2 , A 3 , A 4 } ecTB pa36neHne Ha A. 
6 ) HaHTH OTHOHieHHe 9KBHBa JieHTHOCTH Q' s Ha A. 

b) ilBJiiieTCH jih 1 — {B 4i B 2 , B 3 } pa36HeHHeM Ha 4? 

PeiiieHMe. a) 1) 3aMenaeM, hto A 2 G 5 =7 4 t ^ 0, i = 1,4; 

2) 4x042 = 4x043 = 4x044 — 42 043 = 42 044 — 43 O 44 = 0. 

3) A 1 U 42 U 43 U 44 = 4. 

T.e. ceMeHCTBo S noHMHo>KecTB MHOHcecTB a 4 onpeneniieT HeKo- 
xopoe paaSneHHe Ha 4. 

6) B CHJiy TeopeMti 3 HMeeM 
( x,y ) G xa s y <£> (3)1 G {1,2, 3, 4} (x G 4 t - A y G 4}). 

TaKHM o6pa30M, 

= {( 1,1), (1,2), (2,1), (2,2), (3,3), (3,4), (3,6), (4,3), (4,4), (4,6), (6,3), 
( 6,4), (6,6 ), (5,5), (5,7), (5.8), (8,5)48,8), (8,7), (7,5), (7,7), (7,8), (9,9)}. 
b) 1 ) G 7 4 £,■ / 0; i — 1,3; 

2) B\ U B 2 U B 3 = 4; 

3) Bi 0 B 2 = {2} 7^ 0, 

a 3to HOKaabiBaex, hto ceMeScTBO T He HBJiiieTCH pa36neHHeM Ha 

4. 

OTHomeHHH nopii^Ka. BmiapHoe OTHOHieHHe R , onpen.e- 
jieHHoe Ha MHoncecTBe 4, Ha3BiBaeTCH OTHomemieM nop-H^Ka 
Ha 4, eCJIH OHO pe(j)JieKCHBHO, aHTHCHMMeTpHHHO H TpaH3HTHBHO. 

Ecjih R HBJineTCH oTHomeHHeM nopimKa Ha 4, TOrna H R~ x 
t aK>Ke HBJineTCH OTHomeHHeM nopHHJ<a na 4 (npoBepHTb!). Kan 
npaBHJio, OTHOHieHHe R o6o3HaHaexcH a OTHOHieHHe R~ l - 

“>", xaK hto 

x < y y > x. 

y^XHTBIBaH 3TH 0603HaHeHHH, yCJTOBHH, HTO ,,<” HBJIfleTCH OT- 

HomeHHeM nopnxcKa Ha 4, 3anHCbiBaK>TCH cJienyiomHM o6pa30M: 
pe(})JieKCHBHOcxb x G 4 =>- x < x; 
aHTHCHMMeTpHHHOCTb ( x < y A y < x ) => x = y: 
TpaH3HTHBHOCTb (x < y A y < z) => x < z. 

rip MMep 6. Ha MHO>KecTBe IN onpextejmeM 6HHapHoe OTHorne- 

HHe 7 no npaBHJiy 

a~jb o (3) k G IN ( a = b • k). 

IIoKa3aTb, hto 7 ecTb OTHOHieHHe nopHxtKa Ha IN . 
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PeuueHwe. npoBepKM ycnoBHH, onpenejiinomne oTHoineHHe 
nopjiztKa. 

1 ) Pe<j>JieKCHBHOCTB 

a = a • 1 => a^a, (V) a E IN. 

2 ) AHTHCHMMeTpH^iHOCTb. IlycTb a, b E JN, rne a^b h 67a. 
OTCio^a cjienyeT cymecTBOBaroie HaTypaJibHbix HHceji c, d E iV 
TaKHX, hto a — b‘CVi.b = a-d. Ho Torna 

a = b • c = (a • d) • c = a • (rf * c) => d • c = 1 =>• d = c = 1, 
oTKy^a cxenyeT, hto 

a — b-c = b- l = b. 

3 ) TpaH3HTHBHOCTb. nycTB a,6,c E iV rne, 076 h 67c. 
Torna cyinecTByioT u,v £ IN TaKHe, hto a = bu h b = cv, h noTOMy 

a — bu — (cv)u = c(vu) => 07c. 

TaK Ka.K v u £ IN, to cnpaBenJiHBa HMHJMKamifl 

(076 A 67c) =7 Gryc, 

a 9TO ji;oKa3biBaeT, hto 7 HBJmeTCH ot H oniemieM nopH,z£Ka Ha mho- 
»cecTBe IN. 

3 aMeMaHHe. OmnomeHue nopfrdKa 7 na3ueaemcff omnoiuenueM 
deAUMocmu na IN u oSosnauaemcsj a\b , m.e. 

a~jb => a\b <£7 ( 3 ) k E IN (a — b ■ k) b\a 
(b\a Humaemc# u 6 deAum a”, a a\b - u a deAumcjr na 6”). 

II. ^yHKr^HOHajiBHtje OTHomeHHJi. nycTb naHbi jib a 
MHOHCGCTBa A H B. 0 THOHieHHe R C- A X B Ha 3 BIBaeTCH <f>yHK- 
ii^HOHa jibhkim oTHomeHHeM, ecjiH BbmojiHeHBi cJienyiomHe 
ycjioBHfl: 

1) (y)x E A ( 3 ) y E B Tan, hto xRy\ 

2) (xRy A xRyi) ^ y = yi- 

OTo6pa?KeHne (hjih c|>yHKn;nji) npencTaBJiflex co6oh xpon- 
K y / = (A, B,R), rue A h B - HBa MHo»ecTBa, a R C A x B - 
cfjyHKHHOHajibHoe oTHomeHHe. 

Ecjih R C A x B HBJineTCH oxo6pa>KeHHeM, Toma RJia Ka>K- 
Horo gjieMeHTa x E A cymecTByeT, corJiacHO npHBeneHHbiM Bbinie 
yCJIOBHHM 1) H 2), eHHHCTBeHHblH 3 JieMeHT y E B TaKOH, hto xRy. 
3 tot ajieMeHT y o6o3HanaeTCfl f{x). TaKHM o6pa30M, 

f(x) ~y^ xRy. 

9 :ieMeHT f(x) E B Ha3biBaeTCH o6pa30M aneMeHTa x E A npn 
oTo6pa»eHHH /, MHo>KecxBO A Ha3biBaeTCH o6jiacTBio onpe^e- 
jieHHH /, KOTOpoe o6o3HanaeTCH D(f) = A, a mhokcctbo B Ha3bi- 
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BaeTC 5 I oSjiaCTBKD 3 Ha^eHHH (KOo6jiaCTt.Io) /. FoBOpHM, 
hto / ecTb OTo6pa»£eHHe, onpenejieHBoe Ha A co 3HaHeHHflMH b B. 
$ y HKHHOHa jibHoe oTHouieHHe R Ha 3 biBaeTCJi Taione h rpacfiHKOM 
OTOSpaHCeHHH ((JjyHKIXHH) /, KOTOpbEH b .najibHemneM SyjteM 0603- 
HanaTb Gj. Rjir toto htoGbi yna3aTb, hto / HBJiHeTCH OTo6pa>Ke- 

HweM Ha A co 3HaHeHHHMH b B , 3animieM /: A — » B , hjih A B , 

a BMecTo Toro, hto6bi yKa3aTb, hto HBJinexcH ero rpa<f)HKOM R 
(zuin /), yKa3bmaeM o6pa3 f(x ) Ka>Kzi;oro ojieMeHTa x G A. Torna 
y = f(x ) xRy & xRf(x) <£> ( x,f(x )) G R = Gj, 

x.e. 

Gf = {x,/(x))|z G A} C A x £?. 

PaBeHCTBO OTo6pa»ceHHH. HBa oTo6pa>KeHHH / = ( A, B , 
R) VL g = ( C,D,S ) Ha 3 bIBaiOTC.H paBHHMH Torna H TOJIbKO 
Torna, Korna ohh hmciot onny h Ty >Ke oGjiacTb A = C, 
onHy h Ty KooSjiacTb B = D h ohhh h tot >Ke rpatjmK 
R = S. B cjiynae, Korna f,g: A — * B, paBeHCTBo / = g 
paBHOcmibHO f(x) — g(x),(V)x G A, T.e. 

f = g & (V) X G A ( f(x) = g(x)). 
Toay^ecTBeHHoe OTo6pa»ceHiie. IlycTb A - HenoTopoe 
MHo»<ecTBo. TpoHKa (A, A, 1 a)? OMeBHZCHO, HBJiHeTCH OTo6pa>Ke- 
HHeM, KOTopoe o 6 o 3 Ha^aeTCH TeM »e chmbojiom 1 a (hjih e) h Ha3bi- 
BaeTCH TOJK^ecTBeHHbiM OTo6pa>KeHiieM MHo>KecTBa A. 
HMeeM 

M*) = y (x, y) G l A O x = y. 

C JiejioB aTe jibHo , 

1 m: A — » A h 1 ^(x) — x hjih (V) x G A. 

Hepe3 F(A, B) 6y.zieM o 6 o 3 HanaTb MHo>KecTBo (jjyHKiiHH, onpe- 
jiejieHHbix na A co 3HaneHHHMH b B. Rjui B = A hphmchhm 0603- 
HaneHHe F(A) bmccto F(A,A). 

B cJiynae, Korna mhojkcctbo kohchho A = {ai, a 2 ? . . . , a n }, 
(JjyHKHHK) ip: A — » A HHorna mojkho onpejiejiHTb h npn noMomH 

Ta6jiHHbi BHHa 



x 




a 2 


. . . 


® n 


<p(x) 


<p(ai) 


<p(a 2 ) 




^(«n) 



rne b nepBOH CTpone 3 anHCbraaioTCJi ojieMeHTbi ai,a2,...,a n mho- 
»ecTBa A, a bo BTopon CTpone 3anHCHBaioTCH o6pa3bi coot- 
BeTCTByiomHX ajieMeHTOB npn OTo6pa»<eHHe , a HMeHHO ^(a!), 
<p(a 2 ),...,ip{a n ). 
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Ecjih MHo>KecTBo A = {1,2, Toraa hjih onpejiejieHHJi 

OTo6pa>KeHHii p: A — > A 6y^teM HcnoJib30BaTb h 3airacb 

_ / 1 2 3 ... n - 1 n \ 

^"V^(l) <p(2) vK3) ¥>(»-!) ¥>(») / 

qame sto o6o3HaHeHHe npHMenjieTCJi .zym 3anncH 6neKTHBHbix 
OToGpa^KeHHH MHOJKecxBa A sa ce6n. HanpHMep, ecjm A — {1,2}, 
lorzta ajieMeHTaMH F(A) hbjihkjtch: 






Ecjih /: A — - B , X C A, Y C i?, Toraa: 

/(X) = {6 € tf|(3) x G X: /(x) = 6} = {/(*)|x 6X}C5 
HaBBiBaeTCH o6pa30M noaMHO>KecTBa X npn oTo6pa>KeHHH /. 

B nacTHoM cjiynae, y?(A) = Imp - o6pa3 OTo6pa»:eHHii <p; 
f~ l (Y ) = {a € A|(3) y € E: /(a) - y] = {a € A|/(a) 6 X} C A 
Ha3biBaeTcn npoo6pa30M nojiMHOHcecTBa Y npn oTo6pa»eHHH 
/• 

B nacTHOM cjiynae, julh y G B BMecTO / ^{y}) 3anHineM 
npocTo / _1 (y), T.e. 

f~ l (y) = {« € A|/(a) = i/} 

ecTb MHoiKecTBO Bcex npoo 6 pa 30 B y npn oTo6pa>KeHHH /, a 

/ *(-£?) — {(i G A|y?(a) G 5} 

ecTb nojiHBifi npoo6pa3 MHoacecTBa 5 npn oTo6pa>KeHHH /. 

KoM II 03 HHHH 0T06pa*eHHH. PaCCMOTpHM 0T06pa>KeHHH 
/ = ( A,B,R ) h p = (i?,C\ 5 ), T.e. Koo6jiacTb / coBnanaex c 
o6jiacTbK> g. 06 pa 3 yeM TpoHKy go f — (A, C, R o 5 ). 

Toryia g o f nBJineTCH TaK»ce oTo6pa>KeHHeM, HaabiBaeMbiM 
npoH3BeneHHexi oTo6pa>KeHHH # c oTo6pa>KeHHeM /, a onepaiiHii 
u o ” Ha3biBaeTcn KOMno3Hu;HeH OTo6pa>KeHHH. MMeeM 

( go f){x) = z (x,z) G J?o5 (3 ) y € 2?((x, y) € R A (y, z) € 5) O 
(3) y G B: xRy A ySz <£> (3) y G B: (f(x) = y A y(y) = z) 

T.e. 

(y o/)(®) = g(f(x)), (V) x G A. 

TeopeMa 4. Ilycmb dam w. omodpaotceHux A B C D. 
Tozda 
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а) ( h o g) o / _ h o (g o /) ( komtio3uv,iut omodpaDtcenuu accoyua- 
muena); 

б) f ° l A = 1 B o f = f. 

l~IpnMep 7. PaccMOTpHM oTHomeHHH R C M x 1R h 
^ C [0, +oo) x [0, +oc ), T C JR x JR, onpenejieHHBie cjiexiyiomHM 
oSpaaoM: xRy <£> x 2 = ?/, x = y 2 , x'Ty y = x + 1. 

A. OnpeneTHTB, Kanne H3 OTHomeHHH R,R ~ l , S. 5 _1 . T.T~ 1 
HBJIHIOTC.H (jjyHKHHOHajIBHBIMH OTHOHieHHHMH. 

B. yKaaaTL tjiyHKHHH, onpenejieHHBie b A. 

B. Bbihhcjihtb / o g, g o /, / 0 h, h o /, h o h~ l . h~ l o h, rne 
f.g.h - (jjyHKHHH H3 n. B. 

T. Bbihhcjihtb (/ o /&)(— 3), (h~ l o h)(l/2), (h o /)( 1 /3). 

PeujeHMe. IlyHKTbi AhB peniHM onnoBpeMeHHo. 

a) PaccMOTpHM OTHOHieHHe R. 

x£]R=>x 2 (z]R=>y€: JR. T.e. 

1) (V) x £ JR {3) y = x 2 £ JR xaK, hto xRy; 

2) [xRy A =» (y = x 2 A yj = x 2 ) y = y t , T .e. .P HBjiHeTCH 

4)VHKBHOHajiBHLLM oTHomeHHCM. OTo6pa>KeHHe, onpe^eMeMoe R. 
ODOBHaHMM nepe3 /, / = {JR,JR,R). 

6) PaccMOTpHM OTHOHieHHe R~ l : 

yR~ l x <£> xRy <£> y = x 2 . 

T.e. ec.TH y JR = {a £ JR\a < 0}, Torna He cymecxByeT hh ohhh 
x G M TaKog a 9 to HOKastiBaeT, hto R~ l ne HBJineTCH 

0yHKHHOHaJIi>HBIM OTHOHieHHeM. 

b) iX r IH OTHOHieHHH S HMeeM: S H 5 -1 HBJLHIOTCH (JjyHKHHO- 

HaJIBHBIMH OTHOineHMMH. 06o3HaHKM Q = ([0, +Oc), [O.+Do). 5) H 

g — ([0, +oc). [0, +oo), S 1 ) - 4)vhkh;hh (oTo6pa/KeHHH), onpene- 
JieHHbie JXJin S H 5 -1 COOTBeTCTBeHHO. 

3 ) PaccMOTpHM OTHOHieHHe T: 
l)x{zJR=>x-\-l€ JR. a 3HaHHT, 

(V)ar€iR(3)y = ar + l e JR, Tan hto xTy: 

•2) ( xTy A xT Vl ) =* (y = x + i A Vl = x + 1) =► y = 9lt a 9TO 
HOKa3BIBaeT. HTO T HBJIHeTCH (f)yHKHHOHaJIbHbIM OTHOHieHHeM. 
h) 21th oTHoineHHH P -1 nojiynaeM 

yT~ l x & xTy y = X + 1=> X = y-l. 

1) (V) y e JR (3) x = y - 1 e JR thk, hto yT^x; 

2) (yT l x A yT 1 t 1 ) => (xTy A x\ Ty) =>(y~x+lAy = 

= a? 1 + l)=>xi + l = ar + l=> ari = x , T.e. T _1 TaK*e HBJineTCH 
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(fjyHKIEHOHaJIBHblM OTHOUieHHeM. 06o3HaHHM h = H 

h~ l = iJR, JR,T~ l ) cooTBeTCTBeHHo. 

B. M 3 AhB cJieziyeT 

f(x) = x 2 ,x G JR, g(x) = y/x,x G [0, +oo ), h{x) = x + 1, 
x G JR, /i -1 (x) = x — l,x G JR- 

а) Toraa fog^gofugohne cymecTByioT, xaK KaK oSjiacTH h 
K oo6jiacxH He coBnaztaioT (/ = iJR, JR , it), 5 = ([0, +oo), [0, +oo), 6 ), 
h = (M,Bl,T)). 

б) Bbihhcjihm / o h, h o /, /i o /i -1 h /i _ 1 o /i. 

(/ o A)(a?) = f(h(x)) = f(x + 1) = (* + l) 2 ; 

(h o /)(x) = h(f(x)) = h(x 2 ) = x 2 + 1; 

(/io/i -1 )(x) = /i(/i _1 (x)) = /i(x — 1) = (x — 1 ) + 1 = x = l**(x); 
(/i -1 o h)ix ) = ^ -1 (/i(x)) = h^ 1 (x -f 1) = (x + 1) — 1 = x = 1 k(x). 
TaKHM o6pa30M, fokj^hofaho h~ l — h~ l oh — Ijr. 

r. Bhhhcjihm i foh)i-3) = (x + 1) 2 / x= _ 3 = 4, ih l oh)(l/3) = 

= 1/2, (h o /)( 1/3) - (x 2 + l)/x = i/ 3 = 1/9 + 1 = 10/9. 

IlH'LeKTHBHLie, C KD p r bGKTMBHbie H OHeKTHBHbie OTO- 

SpaaceHHJi. OTo6pa»eHHe /: A — *■ B Ha3MBaeTCH: 

1) HHT=>eKTHBHt>IM, eCJIH f{<L\ ) = /(a 2 ) =>- «1 = «2 » (V)ai,fl 2 ^^. 

( p aBHocn jibho «i ± a 2 =» /(ai) / /(a 2 )); 

2) ciopbeKTHBHbiM, ecjiH (V) b G B (3) a G A: /(a) = b 

( jiio6oh 3 JieMeHT H 3 5 HMeeT xoth 6bi ohjih npoo6pa3 b A); 

3) 6neKTHBHbIM , eCJIH / HBJLHeTCH H HH'beKTHBHblM H CIOpH- 
eKTHBHblM. 

3aMeMaHHe. Bmoou doKG3amb, nmo fyHKyusr f: A — > B 
sreAsremcff ciopdeKmuGHOu, neoSxoduMO , nmo6bi ypaenenue f(x) = b 
ouao pa 3 pewuMO g A dAsf aw6ozo b G B. 

Oco6eHHO noJie3HbiMH hb jijik>tcji 

TeopeMa 5. IJycmb danu omodpaDtcenux A — ^ B — -> C . Tozda: 

a) ecAU fug unseKmuenu , mozda go f manotce uHseKmueno; 

6) ecAU fug cjopbefcmuGHbi, mozda go f maKdtee cwpdeKmueno ; 

b) ecAU fug SueKmuGHU, mozda g o f maxotce oueKmueno; 
r) ecAU g o f uudeKmueno, mozda f ffGAsremcsr UHseKmuenuM; 

H.) ecAU g o f aopseKmuGHO, mozda g sroAfremcsr cjopseKmuGHUM. 

TeopeMa 6. OmoOpaoiceHue f: A — » B, zpafiuKOM Komopozo 
n&Asremcsf G / = R, sreAsremcsr oueKmuenuM omoSpa otcenueM mozda 
u moAbKO mozda, Kozda oopamnoe omnomenue R~ l aGAxemcst <pyn- 
Ky uoHQAbHbiM omHomeuueM i f _1 sr&Asremcfr omodpaotcenueM) . 
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9Ta TeopeMa HenocpeztcTBeHHO cjienyeT H3 

(y,x) £ R~ l <£> yR~ l x <£> f~ l {y) = x -£> xRy y = f(x). 
OSpaTHoe OTo6pa*eHHe. nycTb /: A — - B - 6HeKTHBHoe 
OTo6pa>KeHHe c rpa4»HKOM Gj = R. H 3 TeopeMbi 6 menyeT, hto 
T poHKa f~ 1 = (B,A,R~ l ) BBJLHeTCji oTo6pa>KeHHeM ((jpyHKiiHeS). 
9Ta (fjyHKBHB Ha3BiBaeTCB oSpaTHOH k (j)yHKn;HH /. I^MeeM 
f ~ l : B — - A a juisi y £ R, 

/-'(y) = x & yR~ l x <S> xRy <£> f(x) = y, 

T.e. 

(y,x) £ R~ 1 = Gf - 1 & (x,y) £ R = G /. 

TeopeMa 7. OmoSpaotceHue f: A — - B sreAsremcsr 6ueK- 
muenuM mozda u mojibKO mozda, Kozda cyipecmeyem omodpaaKzenue 
g : fi — - A maKoe, nmo g 0 / = l A u f o g = 1 B . B amoM CAyuae 
UMeeM g = / _1 . 

III. JXeScTBMTejiBHBie (^yHKL^HH. $yHKn;Hii f: A — >• B 
Ha3tJBaeTCB c|>yHKniieH ^eficTBHTejibHoro nepeMeHHoro, 

ecjiH A = D(f ) C 1R. $ y hkhhh neHCTBHTejibHoro nepeMeHHoro 
/: A — * B Ha3MBaeTCH ^eScTBHTejibHOH <f>yHKn;iieH, 
ecjiH 5 C JR. HpyrHMH cjioBaMH, (fjyHKHHH /: A — - B Ha 3 bi- 
BaeTcn AeScTBHTeJiBHoS 4)yHKU,HeH, ecjm A C 1R h B C JR. 

rpa<J>HKOM HeHCTBHTeJIbHOH 4>yHKnHH f\ A » B HBJIHeTCH HOH- 

MHo>KecTBO G f MHO>KecTBa iR 2 , cocTOiimee H3 Bcex nap (x, y) £ 1R 2 . 
me x £ A a y = /(x), T.e. 

<2/ = {(x,/(x))jx £ A}. 

EcjiH (jjyHKHHH / o6paTHMa, TO 

(y.x) e G f - 1 & (x.y) £ Gj, 

IIo TpannnMM, BMecTO f~ l (y) = x nnrnyT y = / _1 (x). Toma 
rpa(})HK oSpaTHoii 4>yHKHMH f~ x CHMMeTpHneH rpa(j)HKy (fjyHKHHH 
/ OTHOCHTeJIbHO SHCCeKTpHCbl y = X. 

ripMMep 8. OGpaTHOH K CjjyHKHHH 

/: [0, 00 ) — * [0, 00 ), y = f(x) = X 2 
HBJIHeTCH (j)yHKHHfl 

/ _1 : [0,oo) — * [0, 00 ), y - / _1 (x) = v^- 
Tpa^HKOM 4>yHKHHH / HBjmeTCH BeTBb napa6ojibi y — x 2 , 
conepHcamaHCH b nepBon neTBepTu, a rpa(f)HKOM (fjyHKHKH 
f~ l - BeTBb napaSojin x = y 2 , conep>KanxaHCH b toh >Ke neTBepTH 

( pHC. 2.1). 
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Phc. 2.1 



Ajire6pan*iecKHe onepai^HH Ha^ ^eScTBHTe jibHbiMH 
(jjyHKHHHMH. IlycTb /, g: D — > IR - HBe neHCTBHTeJiBHBie <f>yH- 
khhh, onpenejieHHbie Ha ohhom h tom >Ke MHo>KecTBe D. PaccMo- 
TpHM (|)yHKHHH: 

s = f + g: D IR , onpenejieHHoe paBeHCTBOM s(,t) = f(x) -f g(x), 

(V) x e D: 

s — f + g - cyMMa 

p = / • g: D — - IR. onpenejieHHoe paBeHCTBOM p(x) = f(x) • g{x), 
(V) x e D: 

p = f ■ g - npoHBBe^eHHe c[)y hkii^itm . 

d = f — g: D — *• IR , onpenejieHHoe paBeHCTBOM d(x) = f(x) — g{x). 
(V) x £ D ; 



q = 



D i 



d - f - g - pa3HOCTi> 

— - iR, onpenejieHHoe paBeHCTBOM 4(2) 



(V) 2* £ -Di; rne = {2 £ Z%(2) / 0 }; 



/W 



- HaCTHOe (jpyHKI^MH. 



l/jiZ) — - iR, onpeHejieHHoe 
/( 2), eciiH /(2) > 0, 

- / ( 2 ) , ecjiH fix') < 0. 



paBeHCTBOM |/|(2) = |/(2)| = 

HJifl (V) 2 £ D; 
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| /| - MO^ayjiB cjjyHKi^HH. 

ripHMep 9. IlycTb f,g: [0,+oc) — > M, we f(x) = x 2 , a 
g{x) = V®. HaHTH f±g,f-gq i f/g. 

PeiueHUe. Tab KaK 4>yHKixHH /, g HMeiOT parry h Ty ase o6jiacTb 
onpejcejieHHH, to (JryHKmm f±g,f-g h //# mieioT cmmcji h 

S(x) = (/ + 0 )(ar) = /(ar) + g(x) = x 2 + (V) a? G [0, +oc); 

= (/ - £)0) = f(x) - g(x) = x 2 - y/x, (V) x G [0, +oc); 

p(x) = f(x) - g(x) = x 2 ■ y/x, (V) x G [0, +oo); 

q(x) = f{x)/g(x) = x 2 /^c = x y/x, (V) x G D 1 = (0,+oo). 

ripMMep 10. IlycTb /: R — + [0, +oo), f(x) = x 2 h 
g: [0, +oo) — - JR, </(a;) = yC 7 . Hailra a) g o f h 6) / o g. 

PeLUeHHe. a) g o / — mieeT cmmcji h nojiynaeM 4 >vhkiimk) 

2R JR, rzie <^(ar) = (g o f)(x) = g(f(x)) = g(x 2 ) = y/^ = |z|, 

(V)ar G JR. 

6) TaK>Ke HMeeT cmmcji ip = f o g: [0,oo) — - [0, oo), h 
Hx) = (fog)( x ) = f(g(x)) = /(v^) - (V^) 2 - *, (V) a: G [0,oo). 



2.2. PemeHHBie npHMepti 

1. nycTb A = {2, 4, 6, 8} h 5 = {1,3, 5, 7}, a C A x B, 
a = {(x,y)\x > 6 jih6o y < 1}: 

а) hto HBJiiieTCii rpacjmKOM OTHOineHHa al 

б) cocTaBHTb cxeMy oTHonieHHJi a. 

PeweHHe. a.) Tab KaK x G A, a y G B, Torjia 
x > 6 x G {6,8}, y < 1 <£> y = 1. 

TaKHM o 6 pa 30 M, 

« = {(6.1), (6,3), (6,5), (6,7), (8,1), (8,3), (8,5), (8,7), (2,1), (4,1)}. 
6) (Cm. puc. 2.2). 

2. IlycTb A — {1,2, 3,4} h B = {1,3, 5, 7, 8}. HaimcaTb rpa({)HK 
oTHOineHHH a = {(ar, y)\ 3x + 4y = 10} C Ax B. 

PeweHwe. 3a.MeHa.eM, hto 3a: -f Ay = 10 <£> 3a: = 2(5 - 2y) x 
neTHoe h (5 - '2y)':3. y hhtmb3ji, hto x £ A & y £ B, nojiynaeM 
a: G {2,4}, y G {1,7}. PaBeHCTBO 3x + 4y = 10 yaioB jieTB opiieT c h 
tojibko j\jlk x = 2 h y = 1. CjiejiOBaTejibHO, (? a = {(2,1)}. 
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Phc. 2.2 

3. riycTi, A = {1,3,4, 5} h B = {1,2, 5, 6 ). HanncaTB OTHOine- 
Hue a c noMomtio 6 yKB x € A w y £ B, ecJiH H 3 BecTeH rpa(j)HK 
oTHomeHHfl a. 

G a = {(1,1), (1,2), (1,5), (1,6), (3,6), (5,5)}. 

Pewemie. (i,y) G G a & y\x. 

4. Ha MHOJKecTBe HaTypajibHbix HHceJi IN paccMOTpHM ot- 
HomeHHii q,/?,7,o; C 2V 2 , onpejjejieHHBie cjie,rytoiHHM o6pa30M: 

(x,ye IN): a = {(3,5), (5,3), (3,3), (5,5)}; x(3y & x < y; 
x~jy y — x = 12; xcoy x — 3 y. 

a) HaHTH pet , <5/3 , Pf 3i jji Pw 

6 ) KaKHMH cBOHCTBaMH o 6 jianaK>T OTHomeHHfl o,/3, 7,w? 

b) HaiiTM OTHomeHHfl a” 1 , /3 _I , 7 -1 h a; -1 . 

r) HaiiTH oTHouieHHH (3 07 , 70 / 3 , 7 -1 0 /3 _1 , (/3 o 7 ) _1 , 7 ocl? h 

uj~ 1 0 a;. 

Pewemie. a) 1) S a = {3,5} = p a . 

2) 6p={x G iV|(3)y G iV: x/3?/}={a) G ^V|(3)y € JN: x < y}=IN 
(juia JiioSoro HaTypaJibHoro HHcaa cymecTByioT naTypajibHbie 
HHCJia GoJitnie ero). 

pp - {y e JV|(3) x £ IN: xl3y} = {y G IN (3) x G IN: x < y} ~ IN 
(rjisi Jiio 6 oro naTypajibHoro HHCJia cymecTByeT, no KpaiffleH Mepe, 
onTTo hhcjio He 6 ojn>me ero). 

3) 6-y={x G IN | (3) y G IN: xjy}={x G iVj(3) y G IN: y - x=12}= 

= {x G W|(3)y G W: x = y- 12} = IN 
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(HanpHMep, 0 = 12 - 12, 1 = 13 - 12 h t.h.). 

P'f = {y e iV|(3) x £ IN: y = x + 12} = JN \ {0, 1, 2, . . . , 11} 
(nanpHMep, ypaBHeHHe 2 = x + 12 He HMeeT peineHHH b JN). 

4) ^ = {16 |(3) y 6 W: xuay} = {x £ i\ T |(3) y £ JN : a; = 

= 3y} = {x £ W|x|3} = (0,3, 6, 9, . . .} = {3k\k £ IN}. 

P-u={y € iV|(3) x £ JN: x=3y}={y £ iV|(3) x £ JN: y=x : 3 }—JN 
(hjih jno6oro n £ JN HMeeM n = 3n/3). 

6) 1) a HBJIHeTCH CHMMeTpHHHBIM, TpaH3HTHBHbIM, HO He 

HBJiHexcH pecfjJieKCHBHHM. HanpHMep, (2,2) ^ a ; TaK KaK 
(3, 3) Go, to a He .HBJIHeTCH h aHTHpecJjxreKCHBHBiM. 

2) j3 HBjmeTcn pe<f)JieKCHBHBiM (x < x , (V) a: G JN), aHTHCHMMe- 
TpHHHMM {{xj3y A y/3x) => (x < y A y < x) =$■ X = y), TpaH3HTHBHBIM 
((x < y A y < z) => x < z). TaKHM o6pa30M, j3 HBJIHeTCH oTHonie- 
HHeM nopHUKa Ha MHO^ecTBe JN. 

3) 7 HBJIH6TCH aHTHpe(j)JieKCHBHI>IM (x - X yJ 12, (V) X £ JN), 
aHTHCHMMeTpHHHMM (( X7y A yjx) (y — i = 12 h i- y — 12) => 

=> x — y =: y — X ■=> X = y), HO He HBJIHeTCH CHMMeTpHHHBIM 

(a*7 y => y — x — 12 => x — y — — 12 => x q^y), He hbjihctch TpaH- 
3HTHBHMM ((xj y A y~f z) => (y - x — 12 A z — y ~ 12) => a: — x = 
= 24 => xcqz). 

4) u) He HBJineTCH aHTHpe<|) JieKCHBHBiM (x 3a:, (V)x G JN * , 

0 = 3-0), hbjihctch aHTHC HMMeT phhhlim {(xuy A yuax) => (a: = 3y A 
A y = 3x) => a: = 9a: x = 0 = y, a juia a: / 0 / y, paBeHCTBa x = 3y 

H y = 3x HeB03M0*HLl), He HBJIHeTCil pe<j)JieKCHBHBIM (HanpHMep, 
1^3-1^ 1^-1), He HBJineTCH TpaH3HTHBHbiM ((xu;y A yioz) => 
=> (x = 3y A y = 3z) x = 9z ^ 3a:, b o6meM cjiynae =7 x-^2). 

b) 1) a- 1 = {(5,3), (3,5), (3,3), (5,5)} = a. 

2) r 1 = {( y,x ) € JV 2 |(i,y) € /?} = {(?,*) £ iV 2 !*/?;,} = 

= {(*/,*) 6 JV 2 |x <y} = {(s/,x) £ JN\y > x}. 

C JienoB aTe jibho , 

y(3~ l x&y>x. (1) 

3) (y, x) £ 7 -1 (x, y) G 7 44 X7y y - x = 12 x = y - 12, 

T.e. 

y7 _1 x x = y — 12. (2) 

4) (y, x) G a; -1 (x, y) G w 47 x = 3y 47 y = x/3, 

T.e. 

yu~ l x 0 y = x/3. (3) 
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r) 1) (x,y) G P 07 O (3 )z G JN: (x,z) € (3 A ( 2 ,^ 7 ^ 

<7 (3) z £ IN: x < 2 A y - z = 12 (3) 2 G IV: x < z A z = 

— y — 12 77 x < y — 12 <£> x + 12 < y, 

T. 6 . 

j3 o 7 = {(x, y) 6 IV 2 |x + 12 < y}. (4) 

2) (x, y) G 7 o 0 O (3) z G M: (x, 2 ) € 7 A ( 2 , y) G P (3) z € 

GW: z— x=12 A z < y 77 ( 3)2 <E IV: 2 = x + 12 A 2 < y 77 x+12 < y, 

OTKy/ia cjie/iyeT 

70/3 = {(x,y) € IV 2 |x + 12 < y}. 

3) (u,i?) G 7 _1 o/3 _1 77 ( 3) w G JN: (u,v) G 7 _1 A (w,v) G 7» 

^== 7 ^ (3) w G .ffV: u? = w — 12 A w > v 77 u — 12 > v 77 u > v + 12, 

T.e. 

7- 1 o/T 1 = {(«,»)€ 1N 2 \u> » + 12}. (5) 

4) (M) 6 (, 307 )-* -s- (<,«) € / 3 o 7 7 <+12 < s { S (s,t) € 7 ~ 1 ° p~ x . 
HpyraMH cjioBaMM, 

((3 o 7) _1 = 7 _1 o / 3~ l . 

5) (x,y) G 7 ow^ (3)z G IV: (z,z) G 7 A (z,y) G w 77 ( 3)2 G 

G JN: z - x = 12 A 2 = 3y 47 ( 3) 2 G N: z = x + 12 A 2 = 3y <7 

<7 x + 12 = 3y, OTKy.ua cjie^yeT 

70 w = {(®, y) € IV 2 |x + 12 = 3y}. 

6 ) (u,i;) G a ? -1 (3)w G IV: ( u,w ) G a ; -1 A (w,v) G w 47 

<§! (3) u’ G IV: x/, = uj/3 A w = 3v&u = v<& («, t?) G 1^, 
OTKy.ua cjiejnyeT 

U O (x? — 1 ^ . 



5. PaccMoxpHM 6HHapHoe OTHOineHue Ha 1R, onpextejieHHoe 
cJie^yiomHM o6pa30M: 

xay <7 (x = y V x + y = 2). 

а) HoKa 3 aTb, hto a ecxt oTHomeHne 9 KBHBajieHTHOCTH. 

б) HaiiTH 4>aKTop-MHO>KecTBO IR/a. 

PeweHne. a) 1) Tan kbkx^x, (V)xG-K, to xax, (V) xGl. 

2) aa6 =7 (a = 6 V a + 6 = 2)=7(6 = aV b + a = 2) =7 6aa. 

3) IlycTb aai h 6ac, a,6,c G JR- Torna 

(ao6 A 6ac) =7 ((a = 6Va + & = 2)A(6=:cV b + c = 2) =7 
=7 ((a . = 6 A b = c) V (a = b A 6 + c = 2) V ( a + b = 2 A b = c) V (a + 6 = 
= 2 A b + c = 2)) =7>=7 (a = c V a + c = 2) =7 aac. 
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HpyrwMH cjioBaMH, 6imapHoe OTHomeHHe a HBJineTCH pe(J)jieK- 
CHBHHM, CHMMeTpHHHBIM H TpaH3HTHBHBIM, a 9TO ^OKa3BIBaeT, HTO 
a siBJifieTcx oTHomeHHeM aKBHBajieHTHocTu Ha JR. 

6) IlycTB a e JR. OnpenejiHM KJiacc 3KBHBajieHTHocTH a a 
BJieMeHTa a no oTHomeHHio k a. 

a a = € JR\xaa} — {a‘ £ JR\x = a V x + a - 2} = 

= {a £ JR\x = a V a = 2 — a] = {a, 2 — a}. 

Toma (f)aKTOp-MHO>KeCTBOM HBJIHeTCH 

IR/a = {o x |a £ JR) = {{a, 2 — a}|a £ JR}. 

3aMenaeM, hto 

i Q a| = 1 £> a = 1; |a a | = 2<^a^l;(o^li=> (a 0 — ay, a+b — 2)). 

HpyrnMH cjioBaMH, rjui a ^ 1 HMeeM a ^ 2 — a h noTOMy 

Q a = O '2 — a, a <|)aKTOp-MHO>KeCTBO MO®HO 3a.nHCaTL B BHHe 
JR/a = {a a |c £ JR, a > 1} = {{a, 2 - a}\a > 1}. 

6. IlycTL A — {1,2, 3.4, 5} vl B = {a.b,c,d,e}. YKa^KHTe, 
KaKne H3 imarpaMM, npHBejceHHbix na puc. 2.3, npencTaBJiinoi 
(|>yHKHHio 7 onpenejieHHyio Ha A co 3HaHeHHHMH b B h KaKHe He 

■HBJIJnOTCH TaKOBBIMH? 








Phc. 2.3 

PeLLieHMe. ilnarpaMMaMH a), b), r ) 3azi;aHM <|>yHKHHn, onpe- 
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aejieHHbie Ha A co 3 HaHeHHHMH b B. JlnarpaMMa 6 ) He npen- 
CTaBJineT 4 >yHKmno, onpe^ejieHHyio Ha A co 3 HaMeHHflMH b B , Tan 
nan He yKa 3 as o 6 pa 3 2 . HnarpaMMa r) TaioKe He npencTaBJineT 
onpenejieHHyio Ha. A 4 >yHKmno co 3 HaneHHHMn b B , Tan KaK 1 
cooTBeTCTBy K)T ,ziBa ajieMeHTa H 3 B 1 a hmchho, a,d. 

7 . IlycTB A = { 1 , 2 , 3 } h B = {a,b}. YKa 3 aTi> Bee <J)yHKii.HH, 
onpejxejieHHMe Ha A co 3 HaHeHHHMH b B , HapncoBaB cooTBeTCTBy- 
iomne jmarpaMMBi. 

PeiiieHHe. CymecTByeT BoceMb (fjyHKHHH, onpenejieHHtix Ha A 
co 3HaHeHHHMH b B. Mx .zmarpaMMU npHBeHeHbi Ha puc. 2 . 4 . 




Phc. 2.4 



8 . IlycTfe A = {1.2, 3, 4}, B = {o,6,c}, C = {x,y,z,t} h 

Z? = {1,2}. 

a) HapHcoBaxb hh ar p aMMti , cooTBeTCTBy 10 nine xcByM ciop^-eK- 
THBHBIM (|)yHKHHHM, OnpeneJieHHBIM Ha A CO 3 HaHeHHHMH B B. 
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6) HapncoBaxb xtnarpaMMbi HHneKXHBHbix (j)yHKmiH, onpene- 
jieHHbix Ha D co 3HaHemiHMH b B. 

b) HapMcoBaxb HJiarpaMMy <f)yHKHHH, onpenejieHHyio Ha B co 
3H aHeHHHMH B C, He HB JIHIOHiyiOCH MHX>eKXHBHOH. 

r) HapucoBaTb xtHarpaMMbi, cooxBexcxByioiiiHe HByM 6neK- 
XHBHblM (f)yHKHHHM, OnpeneJieHHbIM Ha A CO 3HaneHHHMH B C. 

PeweHHe. a) UnarpaMMbi nnyx ciopbeKTHBHbix h HByx ne- 
CFOp'bCKTHBHblX cf)yHKHHH, OHpe,HeJieHHbIX Ha A CO 3HaHeHHHMH B 

B , npHBeneHbi Ha pnc. 2.5. 





6 ) ZbiarpaMMbi HHbeKXHBHbix (jjyHKHHH, onpenejieHHbix Ha D 
CO 3HaHeHHHMH B B , HpHB eHGHM Ha pHC. 2.6. 

b) JInarpaMMbi HeHH'beKTHBHOH (})yHKHHH, onpenejieHHOH Ha B 
co 3HaneHHHMH b C, npHBeHeHbi Ha pnc. 2.7. 

r ) HnarpaMMbi HByx 6HeKTHBHbix (f)ymoiHH, onpenejieHHbix Ha 
A CO 3HaHeHHHMH B C, HpHBeJieHbl Ha pHC. 2.8. 

9. Ilycxb A = {0, 1, 5, 6}, B = {0, 3,8, 15} h ^ysKHHH /: A — » B 
onpenejieHa p aB eH c xb om f(x ) = x 2 - 4x + 3, (V) x £ A. 

a) ilBJIHeXCH JIH (f>yHKHHH / CIOp’beKXHBHOH? 

6) ^BJIJieXCH JIH / HHX>eKXHBHOH? 

b) ilBJIfleXCH JIH / SneKXHBHOH? 

PemeHHe. a) Bbihhcjihm f(A) = {/(0),/(l),/(5),/(6)} = {3,0, 
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6) $yHKIIHiI / JIBJIfleTCH H HH'beKTHBHbIM oTo6pa>KeHHeM, TaK 

KaK /( 0) = 3, /( 1) = 0, /( 5) - 8 h /( 6) = 15, T.e. ^ ^2 =>• 

=> /O l) ^ /(^2>- 

b) $yHK3IHB / BBJIfleTCB 6HeKTHBHLIM oTo6pa>KeHHeM. 

10. Mcnojib3y.fi rpa(|>HK 4>ynKnHH /: A — - J5, /: JR — - JR, 

riOKasaTB, HTO 4>yHKn,HiI / HBJI.fieTC.fi HJIH HH'beKTHBHbIM, HJIH 
C K) p T> eKTHBHbIM , HJIH SHeKTHBHbIM OTo6pa*eHHeM. 

. . , f x — 2, ecjra x G ( — 00,2), 

a ^ ^ [ 3z - 6, ecjiH a: G [2, +oc). 

6) /: [1; 5] — + [— 1; 3], f(x) = |t 2 - 6x + 8j. 

{ —3®, ecjiH — 1 < x < 0, 

— x. ecjiH 0 < x < 1, 

— 0.5(t + 1), ecjiH x > 1. 
r) /: JR — - [0, +oo), f(x) = max(a; +1,1- x). 

PeuieHUe. Ecjih jiioSaH npHMan, napajuiejiBHan och aOciincc, 
nepeceKaeT rpa(f)HK 4)yHKD.KH He Gojiee He m b ohhoh tohkg (T.e. 
nepeceKaeT ero tojibko b ohhoh TOHKe hjih coBceM He nepe- 
ceKaeT ero), to cjiyHKHHB HBJineTCH HHBeKTHBHOH. Ecjih cymec- 
TBveT npBMaB, napajuiejibnan och aSciiHcc, KOTOpan nepeceKaeT 
rpa+HK 4 )vhkhhh b HByx h 6oJiee tohkbx, to (fiyHKHHJi He HBJLaeTCH 
HHT.eKTHBHOH. EcJIH E(f) HBJIHeTCH MHOJKeCTBOM 3HaHeHHH (|)yHK- 
hhh /, a jnoGan npBMaB, napajuiejibHaB och a6cn,Hcc h npoBe- 
HeHHaB nepe3 tohkh och opziHHaT, KOTopbie coaepacaTCH b E(f). 
nepeceKaeT rpac|)HK cjjyHKHHH / no KpaMneH xiepe b ohhoh TOHKe, 
TO (fjyHKHHB HBJIHeTCH dOpT>eKTHBHOH. C Jie/IOBaTeJIbHO, (jiyHKHHH 

/HBJineTCB 6 h6kthbhoh, ecjiH jnoOan npuMan, napajuiejibHan och 
aScHHcc, npoBejieHHaB nepe3 tohkh MHomecTBa £(/), nepeceKaeT 
ee rpa+HK b ohhoh TOHKe. 

a) rpacjiHK (jiyHKiiHH / npHBenen Ha pnc. 2.9. 

ELvieeM E(f) = ( — oo,+oo) h jitoSan npHMan y = ra, m G JR. 
napajuiejibHaB och aScHHCc, nepeceKaeT rpaijiHK cbyHKHHH / b 
OHHOH TOHKe. C JieH.OBaTeJIbHO, / HBJIHeTCH 6HeKTHBHOH. 

6) 3aM6THM, HTO f(x) > 0, (V) x G [ 1 ; 5] . PaccnHCbiBan 4>yn- 
khhio f(x ), HMeeM : 



( x 2 — 6t + 8, ecjiH x 2 - 6x + 8 > 0, 
\ —x 2 + 6t — 8, ecjiH x 2 — Qx + 8 < 0 
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f x 2 — 6x + 8, ecjiH x E ( — oo, 2] U [4, +oo), 
\ —x 2 + 6ar — 8, ecjm x E (2,4). 




Phc. 2.9 



Fpa(j)HK <|)yHKUHii / npHBeneH Ha pnc. 2.10. 

MMeeM E(f) = [0; 3] C [— 1;3]. JlioSaa npHMaH y = m, m E 
E (0;1), napajiJieJibHaH och aGcEpacc, nepecenaeT rpac|)HK (})yH- 
khhh / b neTLipex TOHKax; npHMaH y = 1 nepecenaeT rpat})HK b 
Tpex TOHKax; Jiio6aH npHMaji y — m,m e (1; 3], napajuiejibHan 
och a6cn;Hcc, nepeceKaeT rpa(j)HK (|>yHKniHH / b HByx TOHKax. 
CjiejIOBaTeJIbHO, (|)yHKHH.fl / He HBJLHeTCH HH CIOp'beKTHBHOH, HH 
HH'beKTHBHOH. 

b) fpa(|)HK 4>yHKHHH npnBe^eH Ha pnc. 2.11. MMeeM 
D[f) = [- l,+oo), E(f) = (- 00,3]. 

JIio6aH npHMan y — m , napajuiejibHan och a6cHHcc, nepe- 
ceKaeT rpac})HK 4>yHKHHH f(x ) caMoe 6ojibinee b otthoh Tonne 
(y — —3 ,y = 2,y — 4) h noxoMy f{x) HBJineTCH HH'beKTHBHOH. 
ypaBHeHHe f{x ) = r E -K pa3peuiHMo tojibko npn r < 3, noaTOMy 
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{ x + 1, ecjiH x > 0, 

1 — x, ecjiH x < 0. 

rpacf)HK ej)yHKmiH / npHBejieH na pHc. 2.12. 




Phc. 2.12 

MMeeM D(f) = JR. E{f ) = [l,+oo). JlioSan npHMaji y = m, m £ 
£ (1,+oc), napajiviejiLsaii och a6ciiHcc, nepecenaeT rpa(f)HK 4>yHK- 
E[HH B B3yx TOHKaX H nOTOMy / He HBJIHeTCil HHT>eKTHBHOH. IIpH- 

Man y = 1/2 € [0, +oc) He nepecenaeT rpa<J)HK (f)yHKHHH /, nosTOMy 

/ He HBJIHeTCH CiOp'beKTHBHOH. 



11 . y CTaHOBHTB, KaKHe H3 CJie^iy KHHHX OTHOIHeHHH HBJIHIOTCH 
OTo6pa>KeHHHMH; KaKHe OTo6pa>KeHHH HBJIHIOTCH HHteKTHBHBIMH, 
CfOp'teKTHBHKIMH H SHeKTHBHBIMH? 

a) V = {(ar, y) £ |iV 2 |z - y = 3}; 

6) / = {(x,y) £ [— 1; 0] x [-1; l]|z 2 + y 2 = 1}; 

b) g = {(®, y) £ [0, +oo) x (-oo, +oo)|y = z 2 }; 
r) V = {(z, y) € [0, +oo) 2 jy = x 2 }. 

Rjin 6hckthbhkix oTo6pa>KeHHH yKa3aTK hx oSpaxHtie oto- 
6pa>KeHHH. 



PemeHHe. a.) {x, y) £ x — y = 3 +>• x = y + 3. TaK khk 
D{^p) = = {x £ JN\(R) y £ JN : x - y + 3} ^ JN 

(ypaBHeHHe 2 = y + 3 He HMeeT pemeHHH b IV), to He hb J inexcH 
(j) } ; HKH.H OH a JI b HBIM OTHOHieHHeM. 

6) (x,y) £ f <=> x 2 + y 2 = 1. TaK Kan D{f ) — Sj — 
= [— 1; 0], a 




+ 

+ 





v 



1 y/Z 

2 * 2 

(l _V3 

V 2’ 2 



€ /, 



ef 
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r jxe y/S /2 ^ — -y/3/2, to cjienyeT, hto h / He HBJiHeTCH dfjyHKHH- 

OHaJTbHblM OTHOmeHHeM. 

b) HMeeM (x, y) £ g *4+ xgy y — g{x) = x 2 . Torna: 

1) x £ [0,+oc) => y = x 2 £ M => {x,x 2 ) £ <7; 

2) (xgy 1 A xgy 2 ) => yi = a: 2 = y 2 \ 

3) g(x i) = g(x 2) =>■ a; 2 = a: 2 =>• jxij = ja^l => 2+ = x 2 , Tab Kan 
Xi,x 2 £ [0,+oo); 

4) ypaBHeHne g(x) = r £ M pa3peiiiHMo b [0,+oo) Torna 
h tojibko Torna, Korna r > 0, a sto noKa3bmaeT, hto g He 
ciopijeKTHBHO (hhc.jio — 2 , nanpuMep, He HMeeT npoo6pa3a b 
[ 0, +ocj). 

r) HueeM {x,y) £ ip xipy <s> y — ip{x) = x 2 . noBTOpHH pac- 
cy>KH;eHHH, npHBen.eHHbie b b), ycTaHaB JiHBaeM, tto ip hb JineTCH 
HHi>eKTHBHOH. Bojiee Toro, ypaBHenne ip{x) = r £ [0,+oc) HMeeT 
peUieHHe X — y/r £ [0,+OO) H nOTOMy Ip HBJLHeTCH CIOpT>eKTHBHbIM 
OTo6pa»eHHeM. TaKHM o6pa30M, ip jib JiHeTCH 6 h 6 kthbhlim oto 6- 
pa>KeHHeM, ho Torna, b CHiry TeopeMbi 6, OTo6pa*eHne ib~ l Taiofce 
HBJIHeTCH 0 T 06 pa>KeHHeM (cjjyHKHHeH). 

H b chji)' toh >ne xeopeMbi 6 HMeeM 

i~ x (x) = y/x, x £ [0,+oc). 

12. IlycTb {A = 1,2, 3, 4, 5, 6, 7, 8 , 9} h + £ F(A ) 3an:aHa npH 
homohih Ta6jiHn;bi 



X 


1 


2 


3 


4 


5 


6 


7 


8 


9 


V(x) 


2 


2 


1 


3 


4 


5 


3 


2 


1 



a) HaHTH <^({2, 3,5}); +({1,3, 7, 9}); Xrrup. 

6) HaHTH +~ 1 ({1,2,3,4,5}); + _1 ({2,3}); +~ 1 ({7,8, 9}). 

b) BbiHHCJiHTb + -1 (1); +~ 1 ( 4); + _4 (7). 

PemeHHe. a) +({2,3,5}) = {+(2), +(3), +(5)} = {2, 1,4}; 
+({1,3, 7, 9}) = {+(1), +(3), +(7), +(9)} = {2, 1,3.1} - {1,2,3}; 
Im+ = +(A) - {+(l),+(2),+(3),+(4),+(5),+(6),+(7),+(8),+(9)} = 

= {1,2, 3,4, 5}. 

6) +" 1 ({1,2,3,4,5}) = {y£ A\<p(y) £ {1,2, 3, 4, 5}} - A; 
+- 1 ({2,3}) = {a € A|+(a) £ {2,3}} = {1,2, 4, 7, 8}; 
+ -1 ({7,8,9}) = {b £ A|+(6) £ {7,8,9}} = 0. 
b) + _1 (1) = {a 6 Aj+(a) = 1} = {3,9}; 

+- ! (4) = {b£ A|+(6) = 4} = {5}; 
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y "- J (7) = {c£A\v(c) = 7} = 0. 

13. IlycTb A = {1,2,3} h B = {a, 6 , c}. PaccMaTpHBaeM 

OTHOHieHHH 

a = {(l,a),(2,6),(3,fl),(3,c)},/3 - {( 1 , 6 ), ( 2 , a), (3, c)}, 

7 = {(2,a),(3,c),(l,c)}. 

a) HaHTH h p ai p 0 ,p^. 

6 ) KaKHe H3 OTHomeHHH a,/3 h 7 hbji.hk)tc.h OTo6pa>KeHHHMH? 
YKaJKHTe BUR OToGpaJKeHHB. 

b) HaS™ OTHomeHM a -1 , 3~ l h 7 -1 . KaKHe H 3 hhx bbjihiotcb 
(|) y HKnHHMH ? 

r) HaHTH OTHomeHHB qo^" 1 , /Joo"* 1 , ooy -1 , 70a -1 , /3o7 _1 h 
7 0 / 3 _1 . KaKHe H 3 HHX HBJIfliOTCH 0T06pa>KeHHHMH? 

PemeHne. a) S Q = {1,2,3} = A = 6 $ = p a = {a,b,c} = B ~ p 0 ; 

P 7 — {^1 ^}* 

6 ) a He jrajifleTCH OTo 6 pa>KeHHeM, TaK KaK ajieMeHT 3 HMeeT 
^Ba o6pa3a a h c. f 3 HBJLHeTCH GneKTHBHbiM OTo6pan<eHHeM, 7 
HBJIHeTCH 0T06pa}KeHHeM, HO He HHBeKTHBHblM (ajieMeHTbi 3^1 
HMeiOT OBHH H TOT »e o 6 pa 3 c), HH CIOp'beKTHBHbIM (6 He HMeeT 
npoo 6 pa 3 a). 

b) a - 1 = {(a, 1), ( 6 , 2), (a, 3), (c, 3)}, /3 " 1 = {(6,l),(a,2),(c,3)}, 
7' 1 = {(a,2),(c,3),(c,l)}. 

HMeeM S a -i -B — Sfj-i, <$ 7 -i — {a, c}=/B, p a ~i = A~p 0 -i =p 7 -i. 
a -1 He HBJiHeTCH oTo 6 pa»ceHHeM, TaK KaK BJieMeHT a HMeeT rbr 
o6pa3a 1 h 3; /3 _1 HBJiHeTCJi SHeKTHBHbiM OTo 6 paiKeHHeM; 7 -1 He 
HBjmeTCH OTo 6 pa>KeHHeM, TaK KaK 6-1 ^ B (ajieMeHT 6 He HMeeT 
o6pa3a); 

r)«« r 1 = {( 1 , 2 ), (2,1), (3, 2), (3, 3)}; 
ffoa- 1 = {(1,2), (2, 1), (2,3), (3, 3)}; 
a o 7- 1 = {(1,2), (3,2), (3, 3), (3, 1)}; 

70 a " 1 = {(2,1), (3, 3), (1,3), (2, 3)}; 

0 o 7 _1 = {(2,2), (3, 3), (3, 1)}; 

7 »r‘ = {(2,2), (3, 3), (1,3)}. 

OTo6pa>KeHHeM HBJLHeTCH TOJIbKO OTHOHieHHe 7 0 /3 _1 , HO hh hht>- 
eKTHBHblM, HH CK>pT>eKTHBHbIM. 



14. HaHbi (JjyHKHHH: f,g: M 
ecjiH x < 2, 
ecjiH x > 2, 



/(*) 



1 iji )T 1 * n 

f 3 — T, 

'b- 1 , 



■* JR, 

<jr(x) = max(x — 1, 3 — x). 
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IIoKa3aTb, hto / = g. 

PeiueHMe. $yHKiiHH / h g onpe^ejieHbi Ha JR h HMeioT 
3Ha^eHHji b JR. IIoKa>KeM, ^to /(x) = g(x), (V) x € M. 

PacnraneM (JjyHKmiio g: 

. J 3 — x, ecjm x — 1 < 3 — x, _ J 3 — x, ecjiH x < 2, _ . ( 

9 X \ x - 1, ecjiH 3 - x < x - 1 \ x - 1, ecjiH x > 2 

rjir jiio6oro x e JR. CiienoBaTejibHO, f = g. 

15. ilaHU 4>yHKmra f,g: 1R — * jR, 

o(x wJ * “ 2 ’ ecJ ™ x < 3 ’ 

' [ 2x — 5, ecjiH x > 3. 

a) IIOKa3aTb, HTO / h^ BBJIJnOTCJI 6HeKTHBHbIMH 4>yHKECHBMH. 
6) IIoCTpOHTb rpa(f)HKH (|)yHKPHH / H / _1 B OTTHy H xy »ce 

CHCTeMy KOOp/CHHaT. 

b) Hairra 4)yHKBMH: 5 = / + g, d- f - g, p= f -g, q = f/g . 
r) HBJiiieTCii jih 4>yHKn;Hii d 6neKTHBHOH? 

PeiueHne. a), 6) Ha puc. 2.13 rpa(J)HK (jjyHKmm / H3o6pa®eH 

npflMOK JIHHH0H, a Tpa(J)HK (jjyHKimil / _1 ~ nyHRTHpHOH. 



f x + 2, ecjiH x < 2, 

/(x)=< X + 10 

| ? ecjiH x > 2, 




63 




HMeeM g l ,f 1 : M — *• M, 



r-if \ J X - 2, ecJiH X < 4, J 

/ '(*H in „„„„ - ^ 9 ’(*H 1 



v \ 3x — 10, ecjm x > 4; v 2 
z0 CocTaBHM CJienyiomyK) xaSjiHBy: 



x + 2, ecjiH x < 1, 



X 


(—00. 2] 


(2.3) 


/ 


x + 2 


(x + 10)/3 


9 


x — 2 


x — 2 


f + g 


2x 


4(x + l)/3 


f~9 


4 


(16 — 2x)/3 


f -9 


x 2 — 4 


(x 2 + 8x - 2 0 ) / 3 


f/g 


x + 2 

.^ X T 2 
x — 2 


x + 10 
3(x - 2) 


HMeeM 



-(x + 5), ecjrn x > 1, 



[3, +oo ) 

(x + 10)/3 
2x — 5 
(7x - 5)/3 
(25 — 5x)/3 
2 + 15x — 50 
2T+T0 

3(2x - 5) 



2x, ecjiH x < 2, 

4 

-(x + 1), ecjiH 2 < x < 3, 



y -(7x — 5), ecjiH x > 3. 

1 4. ecjiH x < 2, 

2 

-(8 - x), ecjiH 2 < x < 3, 

-(5 - x), ecjiH x > 3. 

( x 2 — 4, ecjiH x < 2, 
p(x) = i \( x2 + 8x - 20), ecjiH 2 < x < 3, 



q(x ) = 



-(2x 2 + 15x - 50), ecjiH x > 3. 
x + 2 

. ecjiH x < 2, 

x — 2 
x + 10 

— ecjiH 2 < x < 3, 



3(x — 2) ’ 
x + 10 

3(2x - 5) 



, ecjiH x > 3. 



e) HMeeM d(x) = 4, (V)x G (-oo,2], h noTOMy d He HBJineTCH 
HH'BeKTHBHMM , T.e. d He HBJIHeTCH 6HeKTHBHbIM. 3 to ,o;oKa3i>iBaeT, 
MTO pa3HOCTb (cyMMa) Hsyx 6HeKTHBHbIX 4>yHKHHH He o6H3aHa 

6litl SHeKTHBHOH (JjyHKimeH. 
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I 



16. PaccMOTpHM 4>yHKmno f:]R \ {- d/c } — * 1R \ {a/c}, 
f(x ) = (ax + b)/(cx + d), ad - be / 0, c V 0. 

a) IIoKaaaxb, hxo (f)yHKHHH / oGpaxHMa. 

6) HaHTH f~ l . 

b) B KaKOM cjiynae / = / -1 ? 



PeiueHne. a) 1) f( Xl ) = /(x 2 ) 



axi + 6 ax 2 + b 



J ~ . <£> 

+ d CX 2 + d 
acx ix 2 + adxi -f 6cx 2 + 6c? = acxix 2 + bcx Y + adx 2 4- bd 

<=> ac?.Ti + 6cx 2 = adx 2 + bcx r ad(x i - x 2 ) - 6c(x! - x 2 ) = 0 <£> 
^ (ad — bc)(xi ~ X 2 ) = 0 Xj = X 2 => f HBJLHeXCfl HHl>eKXHBHOM. 
2) IlycTb r £ JR \ { a/c }. PaccMOTpHM ypaBHeHHe f(x) = r. Torna 
f(x) = r <£> (ax + b)/(cx + d) = r& ax + b = crx + dr <£> 

44 (a - cr)x = dr - b <=> x = (dr - b)/(a - cr). 

Ecjih x — ( dr — b)/(a — cr ) = — d/c 4^ cdr — bc = — adi-cdr ■£> ad— be = 
= 0, hxo neB03M0>KH0. C JienoBaxejiBHo, (dr — b)/(a — cr) £ 
e M\ {-d/c}, a axo noKa3MBaex, hxo ypaBHeHHe f(x) = r HMeex 
pemeHHH b IR \ {-d/c} hjih Jno6oro r e IR \ {a/c}. A axo b cboio 
OH epe/Cb HOKa3BIBaeX, HXO / HBJIJieXCH dOpijeKXHBHOH. 

H3 1) - 2) cjienyer, hxo / hb Jinexcii 6 h6kxhbhoh (j)yHKHHeS, a 
3HaHHX. H o6paXHMOH. 

6) HaxoHHM f~ l : M \ {a/c} — * M \ {-d/c}: 

ax -f 6 , , v . ... . f( x )^f — df(x) + 6 



f(x) = 



f 



-l 



cx + d 
, —dx + 6 

x) = 

cx — a 



44 ( cf(x ) - a)x = b - df(x) 4=^ c x = 



cf(x ) - a 



b) Hjlst xoro hxo6bi / = f~ l , HeoSxoHHMO, hxo6li (fjynKHHH 
f vs. f 1 HMejiH xy >Ke caMyio o6jiacxt> onpenejieHHH, h hoxomv 
d = -a. 9xo ycnoBHe HBXJiexcH h nocxaxoHHtiM hhh o6ecneHeHHH 
paBeHCXBa / h / _1 . HeHCXBHxejiBHo, ecjiH d — — a , xo (fiyHKHHH / 
h / -1 onpexteiieHLi Ha JR \ {a/c}, npHHHMaiox 3 HaneHHH b jK\{g/c} 
h / _1 (s) = (ax + b)/(cx + d) = f(x), (V) x 6 M\{a/c}, x.e. /- 1 = /. 



17. IIpencxaBHXB ^yHKHMio f(x) = V5x 2 - 2x + 8 b BHne kom- 
n03HHHH HByX 4»yHK'HHH. 

Pem eHHe. IIqjioh vhm u(x) = x 2 - 2x + 8 a v(z) = y/ x . Torna 
f(x) = Vox 2 - 2x -h 8 = v(5x 2 - 2x + 8) = v(u(x)) = ( v o u)(x). 

Otbct: f(x) = (v o m)(x), rne «(a;) = 5.x 2 - 2x + 8, v(x) = sjx- 



18 . Bbihhc.xhxb fog,gof,(fo g)( 4) h (g o /)( 4), rne: 
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а ) f{x) = ^ H g(x) = y/x- 

б) /(x) = yjx + 3 h flr(x) = x 2 - 4; 

, ,, . fx 2 + 6x, ecjmx<-3, , v /5x-2, ecj] 

B > /(’)={-2.-5, earn x> -3 H S(I >= V-2x+4, 

YKaaiHTG D(f o g) h -D(</ o /). 

PemeHne. a) HMeeM (/ o #)(x) = f{g(x)) = /(x/s) = 
3 



ecjiH x < 1, 

ecjffl x > 1 . 



(/° S )( 4)=^ J - 1 
(g° f)(x)=g{f(x))=g' 



v^-r 

= 3; D(fog)= [0;l)U(l,+oo). 



-rr ; (5°/)( 4 ) = Vrri =1; 



(f°g)(x) = f{g(x)) = 



x-lj \ x 
D{go f) = (l,+oo). 

CJiejioBaTeJibHO, (5 o /)(4) + (/ 0 flf)(4), a sto noKasbiBaeT^ hto 
b o6meM cjiynae onepamiH (°), komiio3HHh.h ziByx 4>yHKixnn, He 
HBJIHeTCH KOMMy TaTHBHOH . 

6) (/ o g)(x) = f(g(x)) = v/(x 2 - 4) + 3 = \/x 2 - 1; 

.r€ £(/ 0 <7) x 2 — 1 > 0 ^ x £ (— cc, — 1] U [1, +00) = D(f o g). 

(. g o f)(x) = g(f(x)) = g (VxT 3) = (v^TI) 2 - 4 = x - 1; D(g o f) = JR. 
{f o </)(4) = \/4 2 - 1 = %/l5, (flf o /)(4) = 4—1 = 3. 
b) Hjlh Haxo)KjieHHH (|)yHKHHH f O g H g o f nocTynaeM cne- 
iiyiomHM o6pa30M: 

_/ £ 2 (x) + 6s(x), ecjiH flf(x) < -3, _ 

-2 g(x) - 5, ecjm fif(x) > -3 

3 2 (x) + 6flf(x), ecjm g(x) < —3, 

-2g(x)-b, ecjm fif(x) > -3 h x < 1, = 

-2(x 2 - 2x + 4) - 5, ecjiH g(x) > -3 h x > 1 

(5x - 2) 2 + 6(5x - 2), ecjiH 5x - 2 < -3, 

— 2(5x - 2) - 5, ecjiH 5x - 2 > -3 h x < 1, = 

— 2(x 2 - 2x + 4) - 5, ecjiH 5x - 2 > -3 h x > 1 

25x 2 + 10x - 8, ecjiH x < -1/5, 

— lOx - 1, ecJin - 1/5 < x < 1, 

-2x 2 + 4x - 13, ecjiH x > 1. 

(/ o g)( 4) = -2 • 4 2 + 4 • 4 - 13 = -29. 

. ,, nl J 5/(i) - 2, ecjiH f{x) < 1, 

(g o f)(x) gif (x)) | / 2 (x) - 2/(x) 4- 4, ecjiH /(x) > 1. 



3aMenaeM, hto 
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f(x) < 1 <£> 



f x 2 + 6x < 1, 
\ x < 3 
f —2x — 5 < 1, 
\ x > -3 



f i e [-3 - vTo, -3 + TIo], 
\ x < -3 
| -2x < 6, 

\ x > — 3 



r*e[ 3 -v/10; 3), ^ x e [_3 _ yio ; -3) U [-3, +oo). 

X > —o 

CjiejxoBaTeJibHO, mix f(x) < 1 nojiy^aeM 
( f\( / ^(x 2 + 6a: ) — 2, ecjra x £ [-3 — \/l0, —3) 

\9 0 J)\ x ) | 5(— 2x — 5) — 2, ecjiH x £ [—3, +oo). 



AHajiora^Ho, 

f a: £ (— oo, — 3 — \/l0), 

( x £ 0 

h noTOMy ,hjm /(x) > 1 nojiy^aeM 

(g o /)(x) = (x 2 -f 6x) 2 — 2(x 2 + 6a:) + 4 = a: 4 + 12a; 3 -f 34a: 2 — 12x -f 4 
AJix x £ (—oo, -3 — VTO). 

IIo.HBo.zifi Hxor, HMeeM 



f(x) > 1 ^ 



if 



x 2 + 6x > 1, 
x < —3 
— 2x — 5 > 1, 
x > — 3 



T x 4 + 12x 3 + 34x 2 - 12x -f 4, ecara x £ (-oo, -3 - \/lO), 
(p°/)(x)=< 5x 2 + 30x - 2, ecjm x £ [-3 - \/lO, -3), 

{ — lOx — 7, ecjiH x > —3. 

(g ° /)(4) = —10 • 4 — 27 = —67. 

19. PertiHTb ypaBHeHHJi: 

a) (gofof)(x) = (fogog)(x), ecJiH f(x) = 3x + l, g(x) = x + 3; 

ax - 4 - 1 

6) (/ o / o f)(x) — x, ecjm /(x) = , a £ 2R, x £ 1R \ {—a}: 

x + a 

b) (/ o £)(x) = (</ o /)(x), ecjiH /(x) = 2x 2 - 1, $(x) = 4x 3 - 3x. 

PeiueHMe. a) HaxonuM <j>yHKu,HH (g o / o /)(x) h (/ o g o g)(x): 

( 9°f° f)(x) = g{f(f(x))) = g{f(3x + 1)) = 5(3(3x + 1) + 1) = 

= <?(9x -f 4) = 9x + 4 + 3 = 9x + 7; 

(fogo g)(x) = f(g(g(x))) = f(g(x + 3)) = f((x + 3) + 3) = 

= f(x + 6) = 3(x -f 6) + 1 = 3x + 19. 

YpaBHeHHe npHHHMaeT bh,h, 

9x -f 7 = 3x -J- 19 "w - x — 2. 

Otbct: x - 2. 

6) Blihhcjihm (/ o / o /)(x): 

(/« /»/)(*) = /(/(/(*))) = /(/(^±i)) = 
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ax - f 1 
x + a 



+ 1 



ax 4- 1 
x + a 



+ a 



a z x + x -j- 2a 
2 ax + 1 + a 2 



+ 1 



a 2 x + x -f 2a 



+ a 



f ax 2 4- x + 2a 
\ 2 ax -f 1 + a 2 



a 3 x + 3 ax -f 3a 2 + 1 
3 a 2 x 4- x + 3a + a 3 



2ax -[■ 1 -{- a 2 

= ((a 3 4- 3 a)x 4- (3a 2 4- l))/((3a 2 4- l)x 4- (a 3 4- 3a)). 

YpaBHeHMe npHHHMaex bkji 
(a 3 + 3 a)x + (3a 2 + 1) 



(3a 2 + l)x + (a 3 4- 3a) 



— x ■‘w’ (3ci + 1 )*t — 3d +1 



<£> x 2 = 1 



x ~ —1, 
x = 1. 



Otbst! x £ {-1, 1}. 
b) HaxozoiM (/ o g)(x) h (g o f){x): 

(/ o g){x) = f(g(x)) - /(4a: 3 - 3x) = 2(4x 3 - 3ar) 2 - 1 = 

= 32x 6 - 48a: 4 + 18x 2 - 1. 

(g 0 f){x) = g(f(x)) = g{2x 2 - 1) = 4(2x 2 - l) 3 - 3(2x 2 - 1) = 
= 4(8x 6 - 12x 4 4- 6x 2 - 1) - 6x 2 + 3 = 32a: 6 - 48x 4 + 18x 2 - 1. 
y paBHGHHe npHHHMaex bh jx 

32x 6 - 48x 4 4- 18x 2 - 1 = 32x 6 - 48x 4 4- 18x 2 - 1 0 = 0, 

T.e. paBeHCTBO BepHO ju m JiioSoro x £ 1R. 

OTBeT: x g JR. 



20. IlycTB /, g\ JR — - JR 3a.nam>i cjie^yiomHM o6pa30M: 
f(x) = x 2 + x-f 12. a g(x) = x 2 — x 4- 2. IIoKaaaxB, ^xo He 
cymecTByex hh ohhoh (fjyHKinra <p: JR — - JR xaKofi, hto 

(lro f)(x) + {ipo g){x) = (g o f)(x), (V) x £ JR. (.4) 

PemeHne. CooxHouieHHe (.4) mo*ho 3anHcaxx> eme b b vljxq 

p{x 2 + x + 2) + <p(x 2 — x -j- 2) — (x 2 4" x 4* 2) 2 — ( x 2 4* x 4“ 2) 4" 2. (A / ) 

Honycxmi, hxo cymecxByex <{)yHKHHH p: JR — > JR , Koxopan 
yHOBJiexBopHex cooxHonieHHio (.4'). IIojiokhm b (A') x = 1 h 
x = —1. IIojiynaeM 

y(4) + y(2) = 14, y,(2) 4- *>(4) = 4, 
oxKy/ta cjienyex, hxo <p( 4) 4- <p(2) ^ <p(2) + tp(A), a axo npoxHBope- 
3 hx npeHJiojioHceHmo. CjieHOBaxeJiLHo, He cymecxByex (JjyHKHHH 
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4 CO CBOMCTBaMH, yKa3aHHBIMH B (J)OpMyjmpOBKe 3aiiaHH. 

21. Hairra Bee 3Ha-qeHHH napaMeTpoB a.b G M , npH koto- 

pwx (7 0 g)(x) = (g o /)(x), (V) x e M, rne /(x) = x 2 - x, 

<7(x) = x 2 + ax + b. 

PeweHne. HaxonHM / o g m g o f: 

(f o g)(x) = f(g{x)) = f(x 2 4 ax 4 6) = (x 2 + ax + b] 2 - (x 2 4 ax + b)~ 
= x 4 + '2ax 3 4- (26 — l)x 2 + a 2 x 2 4 6 2 - ax - b -f 2abx = 

= x 4 4 2ax 3 4 (a 2 4 26 — l)x 2 -f (2 g 6 — a)x 4 6 2 — 6. 

(5 0 f){x) = g( f{x )) = £(x 2 - x) = (x 2 - x) 2 4 a(x 2 - x) 4 6 = 

— x 4 — 2x 3 4 (a + l)x 2 — ax 4 6. 

Torxca 

(7 0 #)(x) = {g 0 /)(x), (V) X £ i? 4 x 4 + 2ax 3 4 (a 2 + 26 - l)x 2 + 
4(2a6 — a)x 4 6 2 — 6 = x 4 — 2x 3 4 (a 4 l)x 2 — ax 4 6 44 
r 2a ~ -2, 

(V)^fi a 2 + 26-l = a + l, f a = -1, 

^ ] 2a6 - a = -a, ^ \ 6 = 0. 

b = b 2 -b 

OTBeT: a = -1, 6 = 0, <7(x) = x 2 - x = /(x). 

22. 3a,naHLi <f)yHKmiH f,g,h\ M — + JR, 

/(x) = x 4 4 4x 3 4 3, g(x) = x 3 4 x 4 3 h h(x) = x 3 4 8. 
IIoKa3aTb, hto: 

a) / He HBJIHeTCH HHT>eKTHBHOH; 

6) g HBJIHeTCtf HHljeKTHBHOH; 

b ) h HBJIHeTCH SHeKTHBHOH H HBHTM h~ l . 

PeiiieHMe. a) IlycTb /(x i) = /( x 2). Torna 
xf + 4xf + 3 = x 4 4 4xf 4 3 44 (xf - xf)(xf + xf) 4 4(xi - x 2 )x 
x(xf 4 X1X2 + Xj) = 0 76 - Xi = x 2 . 

HanpHMep, /(x) = x 3 (x 4 4) 4 3, nonaraa xi = 0 h x 2 = -4, 
nojiynaeM /(0) = /(-4) = 3, xi 7^ x 2 . 

6) g(x 1) = p(x 2 ) <4 xf + xi + 3 = x% 4 x 2 4 3 44 

{x\ - x 2 )(xf 4 xix 2 4 x\ 4 1) = 0 44 xi = x 2 , 

Tan Kan x 2 4 Xj x 2 4 x\ 4 1 > 0, (V) x^x 2 G M. 

b) h(x 1) = h(x 2 ) 44 xf 4 8 = xf 4 8 44 xf = x\ 44 Xj = x 2 , 
T.e. h HBJIHeTCH HHT>eKTHBHOH (jpyHKHHeH. 

I[OKa>KeM, HTO h HBJLHeTCtf CK>p'beKTHBHOH. IlycTb r G 1R. 
PeniHM ypaBHenne h(x ) = r 44 i 3 4 8 = r 44 x 3 = r - 8 44 
44 x = \/r — 8 (KopeHb HeneTHOH cTeneHH cymecTByeT hjiji 
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jnoSoro jjeMcTBHTejibHoro HHCJia). Cjie.zi;oBaxejibHO, h siBJisieTCR 
CIOp'beKTHBHOH, a 3HaHHX, h HBJIHeXCH GHeKTHBHOH cf)yHKIXHeH. 

HaxonHM h~ l : 

(y,x)E G h - 1 (ar, y) E G h & h(x) = y = x 3 + 8 x 3 = y - So 

«=> x — \/y - 8 <£► /i — 1 (a: ) = ^x - 8. 

23. IlycTb /: [l,+oo) — *• [1, +00), rjie 

f(x) - x 6 - 3x 5 + 6x 4 - lx 3 + 6x 2 - 3x + 1. 

а) HoKa3aTb, HXO / flBJIfleXCJI OHeKXHBHOH (fjyHKimeH. 

б) HanxH f~ 1 . 

PeLueHMe. a) HMeeM f(x) = (x 2 — x + l) 3 - IIpe^cTaBHM axy 

(fjyHKHHK) B BHJXe K0MH03HIIHH XCByX (f)yHKIIHH: 

u, v: [ 1 , +00) — * [ 1 , +00), r^e u(x) = x 3 , v(x) = x 2 - x + 1 . 
Torvia /(x) = (u o v)(x), oxKy.ua cjie^yeT, hxo / = u o v HBJiHexcH 
6 HeKTHBHOH (JjyHKHHeH, TaK KaK HBJIJieTCil komiio 3 Hn;HeM iipyx 
TaKHX cj)yHKU.HM. 

6) / _1 = (u o i>) _1 = v~ x o u~ x . HaxoitHM v~ l h u _1 . 

u- 1 : [l,+oo) — * [l,+oo), u _1 (x) = tfx. 

Hajiee, v(x) = x 2 -x + l = y^>x 2 -x + l- y = 0. PeniHM axo 
ypaBHeHHe oxHOcnxeJibHo x E [l,+oo). HncKpuMHHanx ypaBHemui 
HMeex bh jx 

D = 1 - 4(1 - y) = Ay - 3, a x 1>2 = (1 T V 4 ?/ “ 3)/2 
(t/ > 1 4y — 3 > 0!). 

YpaBHeHHe HMeex enUHCXBeHHbiH KopeHb b [1,-foo): 

x = (1 + y/Ay^3)l2. 

Tor.ua 

x _1 (x) = (1 + y/Ax ~ 3)/2. 

Mth.k 

/ _1 (x) = (tr 1 o n~ 1 )(x) = v _1 (u _1 (x))) = v~ 1 (^/x) = 

= (1 + y/Af/x - 3)/2, rne f~ l : [l,+oo) — * [l,+oo). 

24. PaccMaxpHBaexcH (JjyHKHHH /: JR — * JR co CBOHCTBaMH: 

1) f(x 1 + X 2 ) = /(xO + /(x 2 ), (V) x u x 2 € iR; 

2) /(l) = l; 

3) /(l/x) = l/x 2 -/(x), (V)xeJRY 

а) HaMxH (JjyHKHHio /. 

б) BbiHHCJiHXb /(\/l998). 

PeiueHMe. a) Hjih x 2 = 0 H3 1) cnentyex f(x 1 ) = f{x\) + /( 0), 
a axo BJienex /( 0) = 0. Hjlh x 2 = —x\ H3 1) nojiynaeM 
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/( 0) = f{x i) + /(-Xi) = o => /(-Xi) = -/(xi) => /(x 2 ) = 

= -f(-x 2) =» /(— x 2 ) = -/(x 2 ). 

Torna 

/(Xi - X 2 ) = /(X! + ( — X 2 )) = f{Xi) + /(-X 2 ) = 

= /(x 1 ) - /(x 2 ), (V) Xi,x 2 € 1R. (1) 



IlycTk x (f {0, 1}. Torna 
1 \ 3) 1 



/ 



1 — x 

C npyroM CTopoHbi, 
1 



(1-x) 
1 



1 — X 



m _ x) y M s JW. 

2 t( l > (i-i ) 2 

1 — X + x X 

= 1 + BJie^eT 



(2) 



1 — X 



1 — X 

3 =h + 



— / 1 + 



1 — x 



= /(!) + / 



^1 + 



1 - X 
2 



1 — X 



= 14- 



1 - x 
= 1 + 



/(-}-/(!) 



/(*) - 



1 + 

„2 



1 - X 
X 

1 — X 
X 



1 — X 

= 14-/ 



X 



2 r 



1 - x 
1 



/ -- 1 



1 - X 



70*0-1 1 = 



(1 - x) 



,.\2 



(1 X ) 2 



1 — 2x 4- /(x) 

u -*) 2 



(3) 



H 3 (2) h (3) CJienyeT 

/( i) - /(*) 1 - 2x + f ( x ) „ 2^1 _ . 

TaKHM o6pa30M, /(x) = x, (V) x 6 1R. 

6) /(VT998) = 71998- 

OTBeT: a) /(x) = x; 6) f(V 1998) = 71998. 

25. HcnoJib3yii cBoficTBa xapaKTepHCTHHecKOH c|)yHKixH5i, 
^OKa3aTb paBeHCTBO 

AU(PnC) = (AuB)n(AuC), A,B,C G P(M). 

PeiueHMe. Iicnojn>3y.H cBOHCTBa A = B f A — /b, .noKajKeM 
Hy«Hoe paBeHCTBO, bbi^ihcjihh npH homoihh / a ,/b h / c xapaKTe- 
pHCTH^ieCKHe (|)yHKHHH MHO/HeCTB A U (P Pi C) h (yl U P) n (A U C ): 

f Au( BnC) — f A 4- /fine — Ia ' IboC ~ }aA Ib ’ fc ~ } a{I B ’ fc ) = 

= f A + Ib * fc ~ f A ‘ /b ' fc- 

f(AuB)n(AUC) — IauB ‘ JauC — A “I" Ib Ia ' /b)(/.A 4" fc /a ‘ fc) 
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= tt + i A ■ fc - fl ■ Sc + SB ■ h + Ib ■ fc - f B • f A • fc - fl ■ S B - 

f A ‘ f B ‘ fc + /a ' f B ' fc = f A + Ib ' fc ~ f A ' Ib ' fc = /.4U(BnC)i 

a. 3 to BJieneT A U (5 fl C) = (A U B) 0 (A U C). 



2.3. IIpe^JiaraeMbie 3a,o;a*m 

1. Hairrn o6jiacTB onpe_nejieHH.fi h o6jiacTb 3naHeHira min cne- 
jyiomHX othohighhh: 

1) q = {(2,4), (3,1), (2, -4), (0,27)}; 

2) j3 = {(100, 10), (200, 20), (300, 30), (400, 40)}; 

3) 7 = {(1,5), (2, 7), (3, 9), (4, 11)}; 

4) 6 = {(1/2,5)}; 

5) P — {(—2, -5), (—2,0), (7, -2), (9,0)}; 

6) w = {(-1,2), (-5, -2), (0,-2), (0,9)}. 

2. IlycTb A = {2, 4, 6, 8} = {1,3, 5, 7}, a C Ax B. 

а) OnpenejiHTb rpa<f)HK OTHOineHHB a. 

б) IIocTpoHTb cxeMy OTHomeHHJi a: 

1) a = {(x,?/)|x < 3 h y > 3}; 

2) a = {(x, y)\x > 2 h y < 5}; 

3) a = {(a;, y)\x > 6 hjih y > 7}; 

4) a = {(x, y)\ max(x, y) < 3}; 

5) a = {(x, y)\ min(x, y) < 2}; 

6) a = {{x,y)\mm(x,y) > 6}; 

7) a = {(x, J/)| min(x, 5) > max(y,3)}; 

8) — {(x, y)| max(x, 6) > max(?/,5)}. 

3. IlycTb A = {1, 2,3,4} k 5 = {1,3, 5, 7, 8}. HaimcaTb rpa<|)HK 
oTHomeHna a C A X 5, ecjin: 

1) a = {(*,y)|* + y = 9}; 

2) a = {(x,y)\2x -y = 1}; 

3) a = {(x,y)\x 2 - y 2 = 8}; 

4) a = {(z, 2 /)|x - y > 3}; 

5) a = {(x,y)\y’:x}; 

6) a = {(x,y) |4x Ay - 11}; 

7 )ol = {(x,y)j(x + y):3}; 

8) a = {(x,y)|x > y}. 
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4. IlycTb A = {1,3, 4, 5}, B — {1,2, 5, 6} h G rpa<f)HK ot- 
HonieHHH a. HanncaTb oTHouiemie a c noMombto npenJio>KeHHH, 
conep>KamHX 6yKBbi x h y, me x G A, a y G B: 

1) G a = {(1,5), (4, 2), (5,1)}; 

2) G a = {(1,2), (4, 5), (5, 6)}; 

3) G„ = {(1,2), (1,5), (1,6), (3, 5), (3.6), (4, 5), (4, 6), (5, 6)}; 

4) G a = {(1,5), (1,6), (3, 5), (3, 6), (4, 5), (4, 6), (5,1), (5, 2), (5,5), 

(5,6)}; 

5) G a = {(3, 2), (4, 2), (5, 2)}; 

6) G a = {(4,2), (4, 6)}; 

7) G a = {(4, 1), (4,2), (4, 5), (4, 6), (1, 6), (3, 6), (5, 6)}; 

8) G a = {(1, 1), (4, 2)}. 



5. IlycTL A = {1,2, 3, 4}. HccjieztoBaTt CBoScTBa oTHomeras 
a C J 4 2 (Bap. 1-6) h a C E 2 (Bap. 7-14): 

1 ) a = {(1,1), (1,2), (1,3), (1,4), (2, 2), (2, 3), (2, 4), (3, 4)}; 

2) a = {(1,2), (1,3), (2,1), (3, 1), (3,4), (4,3)}; 

3) 0! = {(1,1)-(1, 2), (1,3), (2,1), (2, 2), (2, 3), (3,1), (3, 2), (3, 3)}; 

4) a = {(1,1), (1,2), (2, 2), (3, 3), (4, 4)}; 

5) a = {(1,1), (2, 2), (2, 3), (3, 3), (3, 4), (4, 4)}; 

6) a = {(1,1), (1,2), (2,1), (2, 2), (2, 3), (3, 2), (3, 3), (4, 4)}; 

\x > 1 h y > 1}; 

x > 0, f x < 0. 

y > 0 1 y < 0 



7) a = {(x,y) G E 2 

8) a = {(x,y) € E 2 



}; 



9) a = {(x,y) G E 2 \x > 0 hjih y < 0}; 

10) a = {(x,?/) G lR 2 |x > 1 hjih y > 1); 

11) a = {(x,?/) G E 2 \x 2 + x = y 2 + y}; 

12) a = {(x,y) G E 2 \x 2 - 3x + 2 = y 2 - 3y + 2}; 

13) a = {(x,y) G E 2 \x 2 + x = y 2 - y}\ 

14) a = {{x,y) G E 2 \x 2 = y 2 }. 



6. JIjui Ka^Kjioro H3 6HHapHBix oTHonieHHH a, onpeaejieHHBix 

Ha MHo>KecTBe IN: 

a) naHTH oSjiacTb onpe.ziejieHH.fi 8 a h o6jiacTb 3HaneHHH p a : 

6) yCTaHOBHTb CBOHCTBa (pe(|)JieKCHBHOCTb, Hppe(|)JieKCHBHOC- 

Tb, CHMMeTpHHHOCTb, aHTHCHMMeTpHHHOCTb , TpaH3HTHBHOCTb) ; 

b) HaHTH o6paTHoe OTHomeHHe a -1 (x,y G IN): 
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1) xay o HOH (x,y) = 1; 2) xay y < 2x; 

3) xay O \y — x\ — 12; 4) xay x = y 2 \ 

5) xay {x — y)\ 3; 6) xay <& x ■ y = 30; 

7) xay y — 2x + 1; 8) xay x < y + 1; 

9) xay <$■ x < y — 1; 10) xay <£> y = 2x ; 

11) xay o y 2 = a: 2 ; 12) xay x ■ y — 0. 

7. HaHO MHO»ecTBO A h SHHapHoe OTHomemie a C A 2 . 

HoKa3aTE>, ^ITO a ilBJIiieTCH OTHOUieHHCM 3KBHBaJieHTHOCTH H 
HaMTH 4)aKTOp-MHO»eCTBO A/ a. 

1) a = {1,2,3}, a = {(1,1), (1,3), (3,1), (2, 2), (3, 3)}; 

2) A = {1,2, 3, 4}, a = {(1, 1), (1,2), (1,3), (2, 1), (3,1), (2, 2), 

(3. 3) , (4, 4), (3, 2), (2, 3)}; 

3) 4 = {1,2, 3, 4}, a = {(1,4), (1,1), (4,1), (1,2), (2,1), (3, 3), 

(2. 2) , (2, 4), (4, 2), (4, 4)}; 

4) 4 = {1,2,3}, a = {(1,1), (2, 2), (3, 3)}; 

5) .4 = {1,3, 5, 6}, a = {(1,6), (6, 1), (1, 1), (6,6), (3,3), (5,5)}; 

6) 4 = {1,2, 3,4}, a = {(1,3), (1,4), (1,1), (3, 3), (3,1), (4,1), 

(4. 4) , (2, 2), (3, 4), (4, 3)}; 

7) A = IV 2 , (a, b)a(c, d) a + d — b + c; 

8) 4 = Z X Z*, (a, b)a(c,d) O a- d = b-c; 

9) 4 = {1,2, 3, 4, 6, 9}, a = {(1, 1), (1,3), (3, 1), (2, 2), (1,2), 

(4.4) , (3, 3), (2, 1), (6, 6), (9, 9)}; 

10) 4 = {1,2, 3, 5}, a = {(1,3), (1,1), (3,1), (1,2), (2,1), (2, 2), 

(3. 3) , (3, 2), (2, 3), (5, 5)}. 

8. Hjih 3aiiaHHHx MsoatecTBa 4 = {1,2, 3, 4, 5, 6, 7, 8, 9} h 
ceMeScTBa nonMHOJKecTB 5 = {4; C 4, i = 1. n] noKaaarre, 
hto 5 onpenejineT pa36nemie Ha 4 H nocTpoilre otuoihchhc 

aKBHBajIGHTHOCTH CX S . 

1) 4j = {1,2, 3, 8, 9}, A 2 = {4}, 4 3 = {5,6,7}; 

2) 4i = {1,2}, A 2 = {3,4}, 4 3 = {5,6}, A 4 = {7,8}, 4 5 = {9}; 

3) 4] = {1}, A 2 = {2,3,4}, 4 3 = {5,6}, 4 4 = {7,8,9}; 

4) 4, = {1}, 4 2 = {3,4,5}, 4 3 = {2,7}, 4„ = {6,9}, 4 5 = {8}; 

5) 4, = {1,2}, An = {3,9}, 4 3 = {4,8}, 4 4 = {5,6,7}; 

6) At = {1,2}, 4 2 = {3,8,9}, 4 3 = {4,5,6}, 4 4 = {7}; 

7) 4i = {1,9,7}, 4 2 = {2,8,6}, 4 3 = {3,4,5}; 

8) At = {7,8}, 4 2 = {1,9}, A 3 = {2, 3, 4, 5, 6}; 

9) At = {1,8,9}, 4 2 = {2,7}, 4 3 = {4}, 4 4 = {5}, 4 5 = {3,6}; 

10) At = {1,3, 5, 7, 9}, 4 2 = {2,4, 6,8}. 
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9. OnpezieJLaeM Ha 1R 6HHapHoe OTHonieHHe a: 

xay In 2 x — In x = In 2 y — In y. 

а) IIoKa 3 aTi>, hto a HBJineTCfl OTHOineHHeM SKBHBajieHTHOCTH 
Ha M. 

б) HaHTH KJiaCCBI 9KBHBaJieHTHOCTH. 

10 . Onpe^eji-aeM Ha JR 6HHapnoe OTHonienne (3: 

x(3y & sin 2 x — 2 sin x = sin 2 y - 2 sin y. 

а) IIoKa3aTB, HTO j3 HBJIHeTCJI OTHOHieHHeM 3KBHBaJieHTHOCTH. 

б) HaHTH KJiaCCM aKBHBaJieHTHOCTH. 

11 . IlycTb a C A 2 , me A = {-5, -4, -3, -2, -1, 0, 1, 2, 3,4, 5, 6, 
7,8} h 

xay <=> x 2 — y 2 — 2(x — y). 

а) HBJIfleTCH JIH a OTHOHieHHeM 3KBHBaJieHTHOCTH? 

б) B ciiynae yTBepaHxejibHoro OTBeTa, Hairra KJiaccti SKBHBa- 
JieHTHOCTH. 

12. HaHTH 6 a , p a , a -1 , a o a, a o a -1 , a -1 o a, ecJiH: 

1) a = {(x,y) € JN 2 \y]x}; 

2) a = {(x,y) G M 2 \x\y}; 

3) a = {(x, y) G B 2 \x + y < 0}; 

4) a = {( x,y ) G M 2 \2x > 3 y}\ 

5) a = {(x,y) G [— tt/2, — tt/2] 2 | y > sinx}. 

13 . HaHTH oTHomeHHH ao(3, (3oa, a -1 , /3~ 1 , a~ l o/3~ 1 , ({3oa)~ l : 

1) a = {{x,y) G M 2 \x >y}, (3 = {(x,y) G M 2 \x < y}; 

2) a = {(s,y) G M 2 \x > y), (3 = {(x,y) G JR 2 \x < y}’, 

3) a = {(x, y) G lR 2 \x + y < 2}, (3 = {(x, y) G lR 2 |2x - y > 0}; 

4) a = {(x,y) G lR 2 |(x-l) 2 -f y 2 > 1}, /? = {(x,y) G lR 2 \x 2 +y 2 < 2}; 

5) a = {(x,y) G Z 2 jx-y neTHoe}, /3 = {(x,y) G Z 2 |x-y HeneTHoe}; 

6) a = {(x, y) G Z 2 ] |x| = \y\}, (3 = {(x, y ) G Z 2 | y = 2*}; 

7) a = {(x,y) G iV 2 |xiy}, (3 = {(x,y) G iV 2 | 2 /:x}; 

8) a = {(x,y) G iV 2 |x y = 1}, /? = {(z,y) G 3N 2 \x • y = 1}. 

14 . nycTb A = {1,2, 3, 4}, B = {a,b,c,d}. HaHTH o6jiacTb 
onpeTtejieHHH h o6jiacTb 3HaneHHH jyin Kanuioro H3 OTHomeHHH 
a, (3. Kanne H3 sthx OTHomeHHH hbjuuotch oTo6pa*eHHiiMH? 
YnaiKHTe bhh oTo6pajKeHH.fi. HaHTH OTHomeHHH a -1 o a, a o (3~ l , 
3 o a -1 , (3 o (3~ l . Hbjuuotch jih ohh OTo6pa»eHHHMH? 
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1) 0 = {(l,a),(2,c),(3,c),(4,rf)}, 0 = {(l,d),(2,a),(3,c),(4,4)}; 

2) a = {(l,a),(l,c),(2,4),(3,c),(4,d)}, 

0 = {(1, a), (2, a), (3, a), (4, a)}; 

3) a = {(2,a),(3,c),(4,<f),(l,4),(2,4)}, 

0 = {(1> o), (1,4), (l,c), (l,d)}. 

15. PaccMOTpHM oTo6pa*eHHe <p:JR — *• M, <p(x) — sinx. 

HaHTH ip[M), <p((0,w)), 9 _1 ([— 1, 0]), ¥» _1 (l/2), <,p _1 ([1. 2]), 

¥>-'((1.2]). 

16. OToSpaaceHne <p : A — * B , r.ne A - {1,2, 3, 4, 5, 6, 7, 8, 9}, 
B — {a,6,c, <i, e,/}, 3anaHO TaSjumefi 



X 


1 


2 


3 


4 


5 


6 


7 


8 


9 


<p(x) 


a 


d 


b 


/ 


b 


c 


b 


d 


e 



HaiiTH ^(A), ^({2,3,5}), y>({5,6,7, 8}), ¥>({1,3, 7,9}), ¥> _1 (fo/» 
c}), p>~\{e,c}), <p- l (d). 

17. PaccMoxpHM OTo6pa>KeHHe <p: 1R — » Z, ip(x) = [ar] ([a?], 

nejiaa nacTb ar). HaiiTH <^({2,4,6, 7}), ^((1,5)), ¥>([-2.5; 2]), 

V ?_1 ({2,4, 5}) h ¥>" 1 (- 1 ). 

18. JlaHO OTo6pa«eHHe ¥>: JN — » JN, <p(x) — x 2 . HaHTH ¥>(-4) 
h <p~ l (A). ecjiH A = {1,2, 3, 4, 5, 6, 7, 8, 9, 10}. 

19. HycTt AvlB- jroa KOHeHHbix MHO>KecTBa, \A\ = m, \B\ = n. 
Ckojtlko CK>px>eKTHBHbix OTo6paH<eHHH <p: A — ■> B cymecTByeT, 
ecjiH 

1) n = 1; 2) n — 2; 3) m = 4, n = 3; 4) m = 5, n = 3; 

5) m = 5, n = 4; 6) m — n = 5 ? 

20. OxHonieHHe a 3anaHO cbohm rpa(f)HKOM. y cTaHOBHTB , 
BBJiBeTCii jih a c[)yHKn;HeH. HaHTH 6 a h p a . BapbHpya 6 a h p a , 
c^ejiaTb TaK, hto6bi a CTajio hht> eKTHB hbim , ciopx.eKTHBHbiM h 
OH eKTHBHBIM OTOSpaJKeHHeM. noCTpOHTb rpa(f)HK OTHOineHHil o:' 1 . 
HBJiBeTCB jih OTHomeHHe a -1 (jjyHKimeH? YKajKHTe ee bh^. 
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9) a: y — \x — lj 



10) a: y = x 3 





21 . IIycTi> A = {1, 2,3,4}, B = (0, 1,5,6} h C = {7,8,9}. 

a) HapncoBaTb zmarpaMMbi .HByx nHT>eKTHBHbix h nnyx HenHib- 
eKTHBHtix (jbyHKnjiH, onpeneJieHHbix na C co 3 HaHemiflMH b B. 

6) HapHcoBaTh nuarpaMMbi nnyx ciop'beKTHBHbix h HByx He- 
ciop'beKTMBHbix oTo6pa>KeHHH, onpenejieHHbix Ha C co 3HaHeHHH- 
MH B B. 

b) HapncoBaTb nuarpaMMbi ^Byx 6HeKTHBHbix h HByx He6neK- 
THBHblX CjjyHKHHH, OHpeHeJieHHblX Ha A CO 3 HaHeHHHMH B B. 

22 . IlycTb A = {1,3, 5, 6}, B = { 0 , 1,2, 3,5}, x € A, y E B. 

Kanoe H3 COOTHOHieHHH, HpKBeneHHblX HH>Ke, HBJIHeTCH 4>yHKHIieH, 
onpejiejieHHOH na A co 3HaHeHHHMH b B1 Kanoe hbjihctch (J>yHK- 
HneM, onpenejieHHOH Ha B co 3H aHeHHHMH b .4? Hjih 4>yHKHHH 
yna>KHTe hx bhh: 

1) q: x + y = 6; 2) a: y = x + 1; 3) a: x = y\ 

4) a: y — x 2 \ 5) a: y = x 3 - 9x 2 -f 23x — 15; 

6) a: y 5 - 11 y 4 + 41y 3 - 61y 2 + 30 y - x -f 1 = 0. 

23 . Hcnojib3ya rpa4)HK <})yHKHHH /: A — > B , onpenejmTe, 

HBJIHeTCH JIH 4>yHKHHiI / HHTbeKTHBHOH , dOp^beKTUBHOH, 6neK- 
THBHOH. B CJiynae 6HeKTHBHOCTH 4>yHKHHH / HaHTH (fjyHKHHtO / -1 
H HOCTpOHTb rpac})HKH C^yHKHHH / H / _1 B OHHOH H TOH «e CHC- 
TeMe KOOpHHHaT. 

1) /: (-2; 0) U [2, +oo) — ♦ [0, +oo), /(*) = |*|; 

2) /: JR — [2, -f oo), f(x) = \x\ + \x- 2|; 

, r , . f -x/2, —2<x<0, 

3) f : l -2 ’ +°°) * I 0, +00 )’ “ { X + 1, x > 0; 

4 ) /:ffi _[0,+oc), /(-) = { 0t a ; 1; 
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5) /: {0,1,3} — > {—2,0,4}, f(x) = 2x - 2; 

6) /: {—3,0,2} — » {1,11/5,3,4}, f(x) = 0.2(2x + 11). 

24. Kaioie H3 cJieayiomHX othoujciium a C M 2 aBjunoTca 
<J>yHKijHJiMn? y K a*Hxe oOaacTb onpene.'ieunH <fl)yHKUiiH. Yc- 
TaHOBHTb BHa (f)yHKD.HH. 

1) a: 2y - 3x = 19; 2) a: x ■ y = 9; 3) a: 3x - 7 + 5y = 0; 

4) a: 2x 2 +3y-6 = 0; 5) a: y = \/x-2\ 6) a: xy-2y+5x-7= 0; 

7) a: x 2 -(y- 2) 2 - 0; 8) a: 3(4 - 5*) + 4(y + 5) = 1; 

9) a: (x - l ) 2 + (y + 3) 2 = 4; 10) a: x 2 - y + lx = 3; 

11) a: 4x - 2 y = 9x + y; 12) a: y 2 + xy + 1 = 0; 

13) a: x 2 + y 2 = 16; 14) a: y = x 2 -3x + 1; 15) a: 2xy = y 2 + 5. 

25. O THomeHne a 3ajiaHo nocpeacTBOM S Q = [ — 3; 5] h 
= [-4; 7]. 

а) ripHHa^Jie^HT jih oTHonieamo a napa (-4,5)? IIoaeMy? 

б) yKa*HTe Bee ynopaaoaeHHBie napai (x,y) G a, rue x - 0. 
06i>JicHHTe. 



26. Hjm naHHOH (jjyHKmra /(x) bbihhcjihtb ee 3HaaeHH5i b 

y Ka3 aHHtix TOHKax. 

1) /(x) = —7; /(4), /(— 3), /(c), c G 1R; 

2) /(x) = |x 3 - 2x|; / ( 5 ) , /(-2), /(-7), /(1,4); 

3) /(x) = x 4 - x 3 - x - 3; /( 0), /(- 1), /(2 + c); 

4) /(x) = 




x 2 — 5, 


ecjin x > 0, 


2x -I - 3, 


ecjiH x < 0, 


x 2 + 1, 


ecjin x > 0, 


-4, 


ecjiH x = 0, 


1 — 2 x. 


ecjin x < 0, 



5x + 2; (/(l + c)-/(l))/c, c G JR*. 



27. HaiiTK D(/) , ecjin: 
l)/(x) = (2x + 3)/(|x-4|); 
3) f(x) = 5 /(x 2 + x + 1); 

5) /(x) = x/Gx 2 + 13x - 5; 



2) /(x) = Vl2z + if; 

4) /(x) = 3 — 2/(5 — x); 
6) /(x) = (4x)/(9 - 4x 2 ); 
8)/(x) = tt; 



7) /(x) = (5x)/(>/4-3z); 

9) /( x ) — (5x)/(x 2 - 2x - 15). 

28. Hjih 3 aaaHHu:x (jpyHKmra /(x) h y(x) HaSanTe 4 >yHKmra 
f -f < 7 , f - g, f ■ g h f jg. YKaacnTe hx o 6 jiacxH onpeaejieHHa. 
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1 ) fix) = yjx - 5, #(x) = v'®~- 3; 

3) /(x) = x - 5, p(x) = x 2 + 1; 

5) /(x) = x 2 - 4, flr(x) = 1 - x 2 ; 

7) /(x) = x — 1, g(x) = x 2 - 5x + 6; 
9 )/(arj - 5, flf(x) = -3; 

29. Ilpe^cTaBtTe (jjyHKmno /(x) 
pbix 4>yHKmrii: 



2 )/(z) = o' fl r (s) = 2x + l; 



4} /(x) = x - 3, $(x) = 2/x; 
6) /(x) = 3 /x. g(x ) = 4/x; 

8) /(ar) = V9 - x 2 , #(x) = x; 
10) /(x) = 1 — x 2 , g(x) — 4x. 



B BH^e KOMno 3H3JHH HeKOTO- 



1) f(x) = 7(4x - 9) 5 + 4; 2) f(x) = (x 2 + 3x)i + (x 2 + 3x)s - 7; 

3) f(x) = l/y/x^~^3\ 4) /(x) = 4(x 2 - 3) 6 - 7; 

5) f(x) = — 2(x + 5) 4 + 10; . 6) fix) = (2x - 3) 2 - (2x - 3) + 1; 
7) f(x) = \/x 2 + x - 2; 8) /(x) = (x - l)f + (x - 1)1 - 4; 

9) /(x) = (3x + 5)1 + 3(3x + 5)5- + 7; 10) fix) = • 6 . 

y5 — 3x 

30. 71 jib 3aaaHHbix c|)yHKE[HH fix) h g(x) HaM/uiTe (jiyHKmm 
/ o g H g o f. BbmHcjiHTb (/ o g)(3) n {g o /)( 3) b BapnanTax 1 ) - 
6) h (/ o g){— 1) h (go /)( — 1) b BapnaHTax 7) - 12). 

I) /(x) = x + 2, g{x) = x — 1; 2) /(x) = x 2 -j-8. g(x) = x - 3; 

3) f(x) = g(x) = x; 4) /(x) = x 2 -l, g(x) = x + l; 

5) /(x) = 2x 2 + 1. g(x) — x 2 — 1; 6) /(x) = x 2 , g(x) = x 3 ; 

7) /(x)=x 2 +2x+l, flf(x)=-2x 2 -l; 8) /(x) = 3x 2 + 2, g(x) = x-3; 

9) / ( x ) = 2x 4 + 4x 3 + 1 , g(x)=x 2 +l; 10) /(x) = x - 8, g(x) = jx|; 

II) f(x) = |x + 1| =g(x ); 12) /(x) = x-l, g(x) = x + l. 

31. Hjib 3aaaHHbix (pyHKnHH fix) = x 2 , g(x) = 3x h 
h{x) = x — 1, BbmwcjiHTb: 

1) (7 o tf)(l); 2) ig o /)( 1 ) ; 3)(Ao/)(3); 

4) (/ o A)(3); 5) (g o /)(— 2); 6) (/ o A)(-3); 

7 ) (5° fc)(“2); 8) (A o ^r)(— 2); 9) (/ o A)(-l/2); 

10) (<? o /)( — 1/2); 11) (/ o h)(V : 2 + 3); 12) (/ o g)(l + ^2); 

13) ifog)(c): 14) (g o h){c)\ 15) (/ o [g o h))(c): 

!6) {{f o g) o h){c). 

32. B npuBeneHHbix HH*e nap ax <})yHKmm / h g ycTaHOBHTb, 
BBJineTCB jih ojma H3 hhx oOpaTHoii k npyroH: 

1) /(x) = 2x + l, g[x) = — ; 2) /(x) = — 2x + 3, g(x) = 2x — 3; 

3) /(x) = x+4, g(x) = x-4; 4) /(x) = x + l, g(x) = x-l; 

5) /(x) = 4x — 5, g(x) = — ; 6) f(x) = x--, g{x) = 2x + l; 

7) /(x) = x, g(x) = -x; 8) /(x) = -2x + 3, g(x) = -2x-3. 



P 
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33. Hano 3Ha^eHne (f)yHKmiH /. BbrancjiHTL 3Ha.HeHne <f)VH- 
kd;hh / _1 , ecJin: 

l)/(3) = 4; 2)/(l/2) = 6; 3) f(a) = b; 

4) /(a + 1) = 2; 5) f(m + n) = p. 



34. HaiiTH / 1 , ecjm: 

1) fix) = (x + 2)/2; 2) /(x) = (2x + 1 )/x; 

3) /(x) - 1/V® + 2; 4) f[x) = ( 1 / x) 2 ; 

5) /(x) = (x/(x + 4)) 2 ; 6) /(a) = y /x/(x - 1); 

7) /(x) = - l)/(* + 1); 8) /(x) - \ A/x + 2 -~2 ; 

9) /(x) = ((x - 3)/(x + l)) 2 ; 10) /(x) = (^/x/(x + 4) - 2) 2 . 

35. $vHKD.Hii /: € JR — > M 3a.aaHa paBeHCTBaMH 

,, x f x 2 — 2x — 2, x > 1, 
/( * )= |2*-1, «<1. 

а) JIoKa3aTb, HTO / HBJIBeTCjl SHeKTHBHOH. 

б) HaMTH f~ 1 . 



b) BbmHCJIHTb f O f 1 H / 1 o /. 



36. JIjih 3azi:aHHbix ^yHKmdi /(x) m y(x) HaiiTH ^vekuhh 

(/ 0 d)ix) n(go /)( x) (/,p: JR — » iR): 



1) /(x) = |x - 1| + 2; #(x) = |x - 2| + 1; 

2) f(x) = l X ~ X ~ ^ o(x) — I 4x ~ 2 ’ X < 

)n) \ -5x-l, x>0 ; 9[X) -\3x 2 -2, x > 0. 



37. iIoKa3aTb paBencTBO (JtynKiiHH fug: 

1 ) /, S-: {-1, 0, 1, 2} — iR, /(x) = x 4 - 2x 3 - x 2 + 2x + 1; 

g{x) = x 5 — x 4 - 3x 3 -f x 2 + 2x + 1; 

2) f,g- {— 1, 0, 1} — ► iR, fix) = x 3 — x, g{x) = sin 7rx; 

3) f,g: [1; 3] — - iR, /(x) = max(-i 2 + 4f - 3), 1 < t < x; 

, , f -x 2 + 4x - 3.1 < x < 2, 

ff( *H 1 2 < x < 3; 
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4) f,g: [— 1; 1] — > IR , fix) = 



-x + 1,-1 < x < 0, 
x + 1, 0 < x < 1; 

g(x) = max(-x + 1, x + 1); 



5) f,g: {-1,0} 

6) /,<?: {-1,0} 

7) f,g: {0,2} - 

8 ) /,<?: { 0 , 2 }- 



M, f(x) - 1 + x, g(x)-y/l 



. 2 - 



IK, f(x) = -1 + V4 + ‘2x-x 2 ; 
g(x) = 1 — y/ — 2.x — x 2 ; 
f{x) = 2 - x, g jx) - a/ 4^ 
/(x) = y/4 — X 2 ; 



M , 

iK, 



g(x) = 2 — \f\x — a: 2 ; 

9) /, 5 r: [1, +oo ) — » ]RJ(x) = y/x + 2y/x^l+ y/x- 2y/x^l; 

,(.)-{ *• is ' s ® 



10) f,g- {kir,2kir ± — |fc € Z} 



2v»-l? £ > 2; 

+ IK, f(x) = sinx, g(x) = sin2x. 



38. HaiiTH (fjyHKHHH s = f+g , d = f-g , p = /•# h g - f /g\ 

1) /: {1,2, 3,4} — ► {0, 1, 3,5, 6},/(l)=0, /(2)=1, /(3)=3, /(4)=6; 
g: {1,2, 3, 5} - {1, 3, 4, 5}, ^(1) = 1, $(2) = 4, </(3) = 3, flf(5) = 4; 

x + 2, x < 3, , \ 

■x + 3, i > 3; 9{x) = 

X, x < -1, 

JK, /(x) = -J -x, -1 < x < 1, $(x) = 

0, x > 1; 

r m 1 1 \ f 2x + 1, 0 < X < 2, 

4) /: [0, +oo) -*• JK, f{x) = | ^ x > 2 . 

—x, x < 0, 

1, x = 0, 
x, 0 < x < 5. 

5) f,g: M -> IR, f(x) = max(x + 1, x 2 ); $r(x) = min(-x,x). 



2) /,p: IR, f(x) = |_‘ 

3) /,$: JR 



■-> 1 — y’l m 

f x - 2, x < 0, 
{ x -f 1, x > 0; 

_ J x— 1, x < 0, 
_ \ x, x > 0; 



g: (-oo,5] -► IR, g(x) = 



39. IlycTt A = {1,2, 3, 4}, 5 = {0, 1,3,4} h ^ymaonra 
f: A — + B, /(l) = 0, / ( 2 ) = 0, /(3) = 1, /(4) = 3; 
g: B — + A, g( 0) = 2, g( 1) = 1, <?(3) = 4, p(4) = 1. 

MoryT jih 6MTb onpejiejieHbi (fiymanra / 0 g, g 0 /? Ecjih ^a, 
to HaMjoiTe 9 th <|>yHKHHH. HapHcyirre hx /marpaMMM. 



40. a) IIoKa3aTb, hto <j>yHKmui / jiBJDieTCJi 6 h6kthbhoh. 

6) HaMTH / -1 . 

b) IIoCTpOHTb rpa(|)HKH <J)yHKUHH / H / _1 B O.HHOH H TOH «e 
CHCTeMe KOOpjXHHaT. 
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1) /: M — * JR, , f(x) = 6x — 2; 

2) /: [0, +oo) — > [1, +oo), f(x ) = 3a; + 1; 

3) /: (-oo,0) U [2; 4] — * (-oc,4], f(x) = -x 2 + 4x; 



4) /: JR — r (-oo,3) U [4,-foo), f(x) = < 2 



x + 3, x < 0, 



5)/: [0,tt]— > [-1,1], /(*) = 



j sin x , 0 

\ COSX, 7T y 



-x + 4, x > 0; 

< x < 7r/2, 

'/2 < X < 7T. 

41. IIoKa3aTi>, hto (|)yHKmia /: JR — *■ JR, /(x) — x 2 — 6x + 2 
yjjoBJieTBopsex ycjioBUHM o6paTHMOCTH Ha: 

a) (—oc,3j; 

6) [3, +oo); 

b) (— oo, 0] U [3, 6). 

HaHTH oSpaTHtie bthx ^ymamfi h nocTpoHTb hx rpa(|)HKH b 
OHPOH H TOH >Ke CHCTeMe KOOpHJIHaT. 



42. Hcnojib3yfl CBOHCTBa xapaKTepHCTirqecKOH (f>yHKHHH, 
HOKa«<HTe paseHCTBa (yTBepj^neHHJi): 

1 ) A n (B u C) = (A n B) U (A n C ); 

2) (A U B = B ft A) ■=> (A = B); 



3) 

4) 

5) 

6) 

7) 

8 ) 
9) 

10 ) 

11 ) 

12 ) 

13) 

14) 



=>{B = C); 



An B = An C 
AuB = AuC , 

(A A B) A C = A A (B A C); 

A n (jB a C) =_(A n 5) A (A n C); 
A A 5 = (AU B) n (AU B); 
A'aF = Aa B; 



A' A B = A A B'; 

Aa5 = 0^A = 5; 

AaB = Au5^Ah5 = 0; 
AnJ9 = A\5<^A = 0; 
Au£ = A\#44# = 0; 
{A\B)\C = (A\C)\B-, 
A\B = B\A& A = B. 




r JI A B A III 



3JIEMEHTBI KOMBHHATOPHKH 

3.1. IlepecTaHOBKH. Pa3Mem;eHHii. 
CoqeTaHHii. Bhhom HtiOTOHa 

B nportecce pemeHna MHorux npaKTirqecKHX 3ana^ (h He tojil- 
ko) Heo6xoHHMo: 

1) OHeHHTt HHCJIO pa3JIH^HLIX COHeTaHHH, 06pa30BaHHMX 3Jie- 
MeHTaMH HeKOTOporo MBO>KeCTBa HJIH 9JieMeHTaMH HeCKOJIbKHX 
MHO»eCTB; 

2) BbiSpaTL H3 HeKoxoporo MHOJKecTBa npeHMexoB no_zCMHO>Kec- 
tbo ( CHejia.TB Bbi6opKy) ajieMeHTOB, KOToptie oSaanaioT 3anaH- 
HblMH CBOHCTBaMH; 

3) pacnoJio>KHTi> ojieMeHTbi HeKOToporo MHo>KecTBa hjih ajie- 
MeHTBI HeCKOJIbKHX MHOJKeCTB B 3a/[aHHOM HOpHHKe H T.H- 

OSjiacTb MaTeMaTHKH, KOTopan loy^aeT TaKHe 3anaHH 7 a 
TaKHie MeTOHbi hx pemeHKH. Ha3biBaeTCH KOM6HHaTopnKOH. Hhbi- 
mm cnoBaMH, KOM6HHaTopHKa H3yHaeT HeKOTopbie onepaiiHH Han 
KOH6HHbIMH MHOffieCTBaMH. 3tH OnepailHH npHBOHilT K HOHHTHHMH 
nepecTaHOBOK, pa3MemeHHH h coneTaHHH. 

IlycTb M = {a l7 a 2 7 • • • , a n } - KOHeHHoe MHOJKecTBo, KOTopoe 
HMeeT n BJieMeHTOB. MHOJKecTBO M Ha3biBaeTCH ynopfl^oneH- 
HtJM, ecjiH Ka>KHOMy ero BJieMeHTy cTaBHTCH b cooTBeTCTBHe, 
HeKOTopoe hhcjio ot 1 ho n , Ha3BaHHoe nopHHKOM BJieMenTa, Tab, 
HTOSbl p a3 JIHHHbIM BJieMeHTaM H3 M COOTBeTCTBOBaJIH pa3JIHHHbie 
HHCJia. 

OnpefleneHMe 1. BceB03Mo)KHHe ynopn^o^ieHHfcie 

MHO*ecTBa, cocTaBJieHHbie H3 naHHbix n BJieMeHTOB naHnoro 
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MHO»cecTBa M ( n(M ) = n), Ha3biBaioxc.H nepecTaHOBKaMH H3 
n 9JieMeHTOB. 

Hhcjio B03M0>KHbix nepecTaHOBOK H3 n ajieMeHTOB o6o3Hana- 
exca chmbojiom P n h bbimhc Jinexcn no (J)opMyjie 

P n = n \ (n! = 1 -2-3- . . . ■ w), n € IN. (1) 

no onpe^ejienMK) cHHxaiox, hxo P o = 0!=l = l!~Pi. 

OnpefleneHne 2. Pa3MemeHHHMH H3 n ajieMenxoB no m 

HaabiBaioTCH BceB 03 M 0 )KHbie ynopii^o^EeHHBie no^MHO- 
>KecTBa n ajieMeHxnoro MHo>KecxBa M , conep^Kamne m ajieMeH- 

TOB H3 XtaHHBIX 71. 

nncjio B03M0>KHbix pa3MemeHHH H3 n 3JieMeHXOB no m o6o3Ha- 
naeTcn chmbojiom A™ h Haxo^CHTCii no (|)opMyjie 

Til 

A™ = — 77(77— 1 )-. . .‘(n— m+ 1 ); 0 < m < n; n,m e M. 



OnpefleneHne 3. Co^eTaHHJiMH H3 n ajieMeHxoB no m 
HaabiBaioTCJi BceB03M0«Hbie no^MHO»ecTBa n ajieMenxHoro 
MHOJKecxBa M , coiiep^amHe m ojieMeHXOB H3 n;aHHbix n. 

MhCJIO B03M07KHbIX COHexaHHH H3 Tl 3JieMeHXOB HO 777. o6o3- 
Hanaexcn chmbojiom C ™ h onpejiejinexcn no (f)opMyjie 

rm n\ ^ 7i(n-l)-...-(w-m + l) = A^_ P n (3) 
n m\(n — m)\ m\ P m P m ■ P n -m' 

rue 777 , n £ IV; 0 < 777 < 77 . 

3aMenaHne. Bo Bcex no.ziMHo>KecxBax, yHacxBOBaBnmx b 
onpen;ejieHHnx 1-3, Ka>KzibiH 3JieMeHX 3an.aHHoro MHOTKecxBa M 
BcxpeMaexcii xojibko onHH pa3. 

Hapjxny c coemraeHHHMH, b noxopbie Ka>KjcbiH H3 n pa3JiHHHbix 
ajieMeHxoB HeKoxoporo MHo>KecxBa bxojchx o.zjhh pa3, motkbo pac- 
CMaxpHBaxb coenjffleHHH c noBxopeHHHMH, ^onycKaioniHe noHBJie- 
nne oTTRoro h xoro n<e 3JieMenxa 6ojiee o/cnoro pa3a.. 

nycxb nano n rpynn 3Ji€MeHxoB. Ka«n;aii rpynna conep>KHx 
necKOJibKO onjmaKOBMX 3JieMeHXOB. 
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OnpefleneHMe V. IlepecTaHOBKH M3 n ajieMeHTOB, b 

Ka»C^tyK) M3 KOTOpbIX BXOJIHT Oi 3 JieMeHTOB Gf^ , O 2 9 JieMeHTOB 
ai 2 , . . . , Qjt 3 JieMeHTOB a; fe , me oi -f 02 + • • • + a k — n, Ha3biBaK>TCB 

nepecTaBOBKaMH H3 n ©JieMeHTOB c noBTopeHHflMH. 

HhCJIO BCeB03M0>KHBIX HepeCTaHOBOK C HOBTOpeHHHMM o0O3- 
HanaeTCfl chmbojiom P ai ,az,...,a k H naxoimTCJi no (f)opMyjie 



011,012, 



(pi + Q 2 + . . ■ + OCk ) ! 
oi!o 2 ! • . . . • Ofc! 



oi!o 2! • . . . • ojt! 



(4) 



OnpefleneHne 2'. Pa3MemeHHJi M3 n bjicmchtob, b Ka^oe M3 

KOTOpbIX BXOHMT TTl 3 JieMeHTOB, HpHMeM OHJIH H TOT >Ke BJieMeHT 
MO»ceT noBTOpHTbCH b KanmoM pa3MemeHMM JIK)6oe HHCJIO pa3, HO 
He 6oJiee m, Ha3biBaioTCJi pa3MemeHHHMH H3 n s JieMeHTOB 
no m C HOBTOpeHHflMH. 

MmCJIO BCeB03M0>KHbIX pa3MemeHHH C HOBTOp eHHHMH M3 71 

3 JieMeHTOB no m BJieMeHTOB b KaamoM o6o3HaHaeTCH cmmbojiom 
A™ H BbIHHCJIJieTCfl no (fiopMyjie 

A™ = n m , n,meIZV*. ( 5 ) 



OnpefleneHMe 3'. ConeTaHHH H3 n ajieMeHTOB, b Kaamoe M3 

KOTOpbIX BXOJ1MT m 3 JieMeHTOB, npHMeM OJEHH H TOT >Ke 3JieMeHT 
MOtfieT HOBTOpHTbCH B KaJKJIOM COHeTaHHH JIK)6oe HMCJIO pa3, HO 
He 6oJiee m. Ha3biBaiOTCJi coneTaHHHMH H3 n 3 jicmchtob no 
m C IIOBTOpeHMMH. 

MhCJIO BCeB03M0)KHbIX COHeTaHHH C HOBTOpeHHHMH 0603HaMa- 
eTCH CMMBOJIOM C ™ H BblMHCJIHeTCH HO (|)OpMyj[e 



/"'m — 

'-'n ^ m+n — 



1 



(n + m — 1)! 
m! • (71 — 1)! ’ 



7i, m 6 N*. 



(6) 



IIpH penieHMH KOMSHHaTopHbix 3a.naM Heo6xoHHMO cHa^ajia 
onpe/iejiHTb bhji coejnmeHHJi. IIpH 3 tom mojkho pyKOBo/icTBo- 
BaTbCH npaBHJiaMH JIJIH yCTaHOBJieHMH BHHa COe^MHeHMM, BLITeKa- 
JOIHMX M3 HpH3HaKOB, OnpeJXeJUnOIHHX HOHJITHe Toro hjim mhoto M3 
3THX BHAOB. O HTTP H3 HHX HOKa3aHO B CJieny KHHeH Ta6jIHHe: 
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Bo MHorax KOMSMHaTopHHX 3a.naHax nojie3HO Hcnojib30BaTb 
cjienyiomHe itBa npaBHJia: 

IIpaBHJio cyMMH. Ecjih oSteKT A MO*ceT 6 bitb Bbi6pan m 
cnoco6aMH, a oG'beKT B - n cnoco6aMH, to Bti6op jih6o A, jih6o 
B Mo»ceT 6 mtb ocymecTBJieH m + n cnocoSaMH. 

IIpaBiuio npoH3Be^;eHHa. Ecjih oS'beicr A mojkct 6mtb 
BL i6pan m cnoco6aMH h nocjie Kangioro H3 Taiotx Bbi6opoB o6x>eKT 
B , b cbok) onepeiib, mojkct 6bitb Bbi6paH n cnoco6aMH, to Bbi6op 
A h B, b yKa3aHHOM nopJxaKe MO>Kex 6 bitb ocymecTBJieH m • n 
cnocoSaMH. 

YnaHieM HenoTopbie cBOHCTBa coneTaHHH, a hmchho: 

t r^m s^n—m 

^ n ^ n 

TT r'm — 1 f^m /~*m 

11. O n f — ^n+l- 

III. c* = c k n z{ + c k z\ + c k zl + -- + c£\ 

(cr* = ciz\ + czzt 1 + c:zt 2 + ■■■ + CU). 

IV. c° n + ci + ci + ... + c^ = 2". 

<$opMyjia 

(x + a) n = Cl-x n + C l n -x n ~ l -a+Cl-x n ~ 2 -a 2 + . . ,+C^ 1 -x -a n ~ l +C^-a n (7) 

Ha3biBaeTCii 6 hhomom HbioTOHa (n € IN*). 

Ko9 <!><{) HIIHeHTbl C*, C%, . . . , Cn Ha3bIBaK>TCB SHHOMHaJIbHbl- 

MH. Ohm o6jiajiaK)T CJiejiyiOmHMH OCHOBHbIMH CBOHCTBaMH: 
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V. Ko9(|){J)HnneHTbi HJienoB, paBHoyjtajieHHBix ot Havana h ot 
KOH iia pa3Jio»ceHHB SnHOMa (7), paBHbi Meayiy co6oh. 

VI a. CyMMa Bcex 6HHOMHaJIbHbIX K03(f)(f>HHHeHT0B paBHa 2 n . 
VI 6. CyMMa 6nHOMHaJibHbix Koa^^nnHeHTOB, ctohihhx Ha 
MeTHbIX MeCTaX, paBHa CyMMe 6HHOMHaJIbHbIX K03(|)(|)imHeHT0B, 
ctohihhx Ha HeneTHbix MecTax. 

VII. Ecjih n - neTHoe hhcjio (T.e. n — 2k), Torna 6 h- 
HOMnajibHbiH K09(j)({>HHHeHT cpennero HJieHa pa3Jio>KeHHH (T.e. 
C k ) HBJiHeTCH HajiSojibmHM. Ecjih n - HeneTHoe HHCJIO (T.e. 
n = 2k + 1), Torna 6HHOMHajibHbie Koa(j)({)HHHeHTbi zcByx cpextHnx 
HJieHOB pa3Jio>«eHHH pa.BHbi Me>KHy co6oh (T.e. C k = C k+1 ) h ohm 

HB JIHIOTCH Han6oJIbUIHMH. 

VIII. Hjien C k x n ~ k a k pa3Jio>KeHHH, T.e. (k + 1)-h HJien pa3- 
jio>KeHHH (7). Ha3biBaexcH oSihhm hjichom pa3Jio»eHHH h 0603- 
HaHaeTCH Tk+\. Thkhm o6pa30M, 

= k = 0.1, 2 ,..., n. (8) 



IX. Ko9<|)4)HixH:eHT k + 1-ro HJieHa pa3Jio>KeHHH 6nHOMa paBen 
npoH3BeHeHmo KOBcJxjjHmieHTa k-vo HJieHa Ha noKa3aTejrb cTeneHH 
x b tom MJiene, ^.ejreHHOMy Ha k , T.e. 



k _ n - k + 1 k -i 

£ ' L ''n 



(9) 



X. 



s~ik + 1 Tl \ k 

- k+1 



( 10 ) 



3.2. PemeHHe 

1 . Ckojibkkmh cnoco6aMH mo>kho paccTaBHTb Ha nojiKe neTbi- 
pe khhth? 

PeiueHMe. H3 ycjioBHH 3an.aHH cnenyeT, hto nopn^oK pac- 
nojio>KeHHii HMeex 3HaneHHe h b HeM ynacTByioT Bee 9JieMeHTbi 
HaHHoro MHO>KecTBa. CjienoBaTejibHO, penb uneT o nepecTaHOB- 
Kax: 

P 4 = 4! = 1 • 2 • 3 ■ 4 = 24. 

OTBeT: 24. 
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2. Ilacca^HpcKHH noe3,n HMeeT necHTb BaronoB. Ckojibkhmh 
cnoco6aMH mo*ho paccTaBHTb BaroHbi? 

PeiiieHMe. Kan h b npejiKuiymeH 3aitane, penb HneT o nepecTa- 
HOBKax H3 10 ajieMeHTOB. Tor.ua hhcjio BceB03M0>KHbix cboco6ob 
pacnojio>KeHMB BaroHOB 6y.neT 

P 10 = 10! = 3 628 800. 

OTBeT: 3 628800. 

3. Ckojibkhmh cnocoSaMH mojkho pa3MecTHTB ceMB yneHHKOB 
3a ceMbio napTaMH TaK, hto6bi Bee napTbi 6 bijih 3aiigTbi? 

PeweHne. P 7 = 7 !=l- 2 - 3 - 4 - 5 - 6-7 = 5 040 . 

Otbct: 5 040. 

4. Ckojilko inecTHana^rBubix Tejie(f)OHHbix HOMepoB mojkho 
cocTaBHTb, ecjra: 

1) Ka>K.ziaji iiH(j)pa bxohht b HOMep Te;ie(|)OHa tojibko ohhh pa3; 

2 ) m«|)pa MO^eT 6 bitb b HOMepe Tejie<f)OHa 6ojiee onHoro pa3a? 

(HoMep Tejie({)OHa mojkct HaHaTbCH micjipoH hojib.) 

PeiueHne. Bcero HMeeTCK 10 mnjip: 0, 1,2, 3, 4, 5, 6, 7, 8, 9. TaK 
KaK hhcjio Mo>KeT HanaTbCii HyjieM, to HMeeM: 

1) pa3MemeHHH H3 10 muftp no 6, T.e. 



Tf 0 = 10-9 -8- 7-6-5 = 151200; 

2) TaK KaK nmfjpa b HOMepe MO>KeT noBTopHTBCH, to pent nneT 
o pa3MemeHHnx c noBTopeHHBMH, T.e. 

= 10 6 = 1000 000 . 



Otbct: 1) 151200; 2) 1000000. 

5. BojieH6ojibHaB KOMaHna coctoht H3 6 cnopTCMeHOB. 
Ckojibko KOMaHn mojkot o6pa30BaTb Tpenep, ecjrn HMeeT b CBoeM 
pacnopHHceHHH 10 cnopTCMeHOB ? 



PeiueHHe. TaK KaK npn KOMmieKTOBaHHH KOMaHHbi TpeHepa 
HTepecyeT tojibko ee cocTaB, to nocTaTOHHO HaHTH hhcjio co- 
^eTamm H3 10 BJieMeHTOB, B3BTbix no 6, T.e.: 



C 6 _ r*4 _ 
10 — — 



10 



10 ! 

4! -6! 



10 -9 -8-7 
1 -2-3-4 



= 210 . 
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Otbct: 210. 



6. CbOJIbbO nHTH3HaHHbIX HHCeJI MOHCHO COCTaBHTb npH no- 
MOmH HH<|)p 0 H 1? 

PeiiieHMe. TaK Kan hh^P 1 * 1 hobtophiotch, to penb nneT 
o pa3MemeHHflx c noBTopeHHHMH. H 3 ycjioBHH sanaHH HMeeM 

m — 5, n = 2. 

IIH(|)paMH 0 H 1 MO>KHO COCTaBHTb A\ = 2 5 HHTH3HaHHbIX HHCeJI. 
0/OaaKO HyjKHO yHHTbIBaTb, HTCy HHCJIO He MOJbeT HaHHHaTbCH 
HH(f)pOH 0. IIoOTOMy H3 HHCJia A\ Hy>KHO BbIHeCTb HHCJIO TeX HH- 
TH 3 HaHHbIX HHCeJI, KOTOpbie HaHHHaiOTCH HyjieM. TaKHX HHCeJI 
SyzieT A\. CjieHOBaTeiibHO, HCKOMoe hhcjio paBHO 

If-If = 2 5 - 2 4 = 16. 

Otbct: 16. 

7. CbOJIbbO TpeX 3 HaHHbIX HHCeJI MO)KHO COCTaBHTb r[H(j)paMH 
1,2, 3,4,5, ecJiH HHtfjpbi MoryT noBTopHTbCH? 

PeiueHMe. Tab KaK HH<J>pbi MoryT noBTopHTbcn to oHeBmmo , 

HTO HMeeM pa3MemeHHH C HOBTOpeHHHMH H3 HATH HH(|)p, B3HTBIX 
no TpH. CnenoBaTejibHO, mojkho COCTaBHTb = 5^ Tpex3HaHHbix 
HHCeJI. 

OTBeT: 125. 

8. H 3 10 p03 H 8 reoprHHOB Hy«HO COCTaBHTb 6yKeT, 
coixep>KaiHHH 2 po3bi h 3 reoprHHa. Ckojibko mohcho COCTaBHTb 
pa3JIHHHbIX GyKeTOB? 

PeweHHe. Hbc po 3 bi H3 10 mojkho BbiSpaTb Cf 0 cnoco6aMH, 
a TpH reoprHHBi H3 8 — Cf cnoco6aMH. IIpHMeHjm npaBHJio yM- 
HO>KeHHfl, nojiyHHM o6mee hhcjio 6yKeTOB C^q • C| = 1 890. 

Otbct: 1890. 

9. B cTyaennecKOH BenepHHKe ynacTByioT 12 neByineb h 
15 napHen. CbOJibbHMH cnocoSaMH mo*ho BbiSpaTb neTupe na- 
pbl HJLH TaHHeB? 

PeilieHMe. 12 neBymeb mohcho pa36HTb Ha rpynnbi no neTbipe 
b baHcnoH Cf 2 cnocoGaMH, a 15 napHeH — Cf 5 cnocoSaMH. Tab 
bab b ba>bHOH rpynne, o6pa30BaHHOH HeByniKaMH (hjih napHHMH) 
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nopjmoK HMeeT 3HaneHHe, to Kan^naa rpynna MOifceT 6 bitb yno- 
pjcnoneHa P4 cnoco6aMH. B pe3y;n>TaTe (npHMeHjra npaBHJio yM- 

Ho>KeHHfl) nojiynaeM Cf 2 -P 4 -Cf 5 = Af 2 -C} s = Cf 2 -A* 5 = 16 216200. 

OTBeT: 16216 200. 

10 . Hjih nojieTa Ha Mapc HeoOxojoiMO yKOMHJieKTOBaTB cjie- 

jiyiomHH 3Knna>K KocMHnecKoro KopaOjia: KOMaH/mp Kopa6jLH, 

nepBBiii ero homoiuhuk , BTopoii homoiiihhk , jtBa 6opTHH»<eHepa 
h ojihh Bpan. KoMaHny toman TpoitKa MO>KeT 6bitb oTo6paHa 
H3 HHCJia 25 roTOBHnxHXCH k nojieTy jiothhkob , /©a 6opTHH>Ke- 
Hepa — H3 HHCJia 20 cnennajincTOB, b coBepmeHCTBe 3HaioniHx 
yCTpOHCTBO KOCMHHeCKOrO KOpaOjIH, H BpaH - H3 8 Me^HIKOB. 
Ckojibkhmh cnoco6aMH mojkho y komii JieKTOB aTB aKHnanc Hccjieno- 
BaTejieM KoeMoca? 

PeujeHMe. IIpn BBiOope KOMaHnHpa h ero homoihhiikob Ba>KHo 
onpe^eJiHTB, khkoh H3 BoeHHBix JieTHHKOB Jiynnie npyrnx cnpaB- 
jmexcji co cbohmh (|) y hkhhiimh b ynpaBJieHHH KopaOjieM. 3Ha- 
hht, 3/[ecB Ba*eH He tojibko nepcoHajiBHBEH cocTaB KOMan^y loineii 
TpOHKH, HO H COOTBeTCTByiOmaH paCCTHHOBKa HO^oSpaHHBIX JIK>- 

■fleS. IIoaxoMy hcho, hto KOMaH^yiomaji xpoHKa mojkct 6bitb 
yKOMH JieKTOB ana A 25 cnocoSaMH. 

06fl3aHHOCTH y 06OHX 6opTHH>KeHepOB HOHTH O/CHHaKOBBI . 
Ohm Moryx bbihojihhtb hx no onepenn. CjiejioBaTejiBHO, napa 
6opTHH>KeHepoB MOHteT 6 bitb yKOMHJieKTOBaHa C 20 cnoco6aMH. 
AHajiorHHHoe nojio>KeHHe h c BpanoM - ero mo>kho nono6paTB 
C\ cnoco6aMH. 

IIpHMeHim npaBHJio yMHOKeHHH, nojiynaeM: k KancnoH ynpaB- 
JifliomeH TpOHKe npHcoenuHneTcn ojm& napa HHHcenepoB C| 0 
cnocoSaMH. B HTore nojiynaeM A% 5 • C\ 0 naxepKH. K Kancnoif 
nHTepKe npHcoenjmneTCJi o^hh Bpan C\ cnocoOaMH. B pe3yjn>Ta- 
xe aKHnajK KOCMHHecKoro KopaOjin MO»eT 6 bitb yKOMHJieKTOBaH 
A\~ • C 2 o • cnocoSaMH, 

A 25‘ c 20 ' C l — 20 976000. 

Otbct: 20 976000. 

11. CKOJIBKHMH CnOCOSaMH MOtfCHO BBlOpaTB HHTB OnHHaKOBBIX 
HJIH HSTB pa3HBIX IIHpO>KHBIX H3 11 pa3JIHHHBIX BH^OB IIHpOJKHBIX? 

PeineHMe. IIhtb BBiSpaHHBix hhpojkhbix Moryx 6 bitb Bee onH- 
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HaKOBU hjih neTBipe ozmHaKOBtie a o.hho npyroro BH.na, hjih TpH 
ojjjiHaKOBKie h /CBa .npyroro BH^a h T.n., hjih Bee hstb pa3HBie. 

HcKOMoe hhcjio Ha6opoB no naTB nHpoacHBix H3 11 bh/iob 
6y.neT paBHO HHCJiy coneTaHHH c noBTopeHHHMH H3 11 ajieMeHTOB, 



B 3 HTbix no hhtb, T.e. 




(11 + 5-1)1 
51(11-1)1 



151 

51101 



3 003. 



OTBeT: 3 003. 



12 . H 3 10 cnopTCMeHOB , H3 KOToptix jxsdi rpe6na, 3 njioBna, 
a ocTajibHbie 6eryHbi, Hyarao BBi,neJiHTB KOManny H3 6 nejioBeK 
HJin npeHCTomiiHX copeBHOB bhhh . Ckojibko MoateT 6 bitb cjiynaeB 
co3H aHH n KOMaH/cbi, b KOTOpyio 6ti BomJiH He MeHee oztHoro 
cnopTCMeHa ot Kaayjoro BH,na cnopTa? 



PenjeHMe. a) B KOMaHne Moa<eT 6 bitb ohhh rpe6en, ohhh 
mioBen h neTBipe 6eryHa. rpe6na mohcho Bbi6paTb C\ cnoco6aMH, 
njioBna - Cl cnoco6aMH, a 6erynoB - C| cnoco6aMH. npHMeHHH 
npaBHJio y MHoateHHH , noJiynaeM C\ • C\ • C | choco6ob. 

6) B KOMaHHe MoryT 6bm> ohjih rpe6en, nsa njioBna h TpH 
6eryHa. IIoBTopHfl npejiKtixymne paccya^eHHJi, hhcjio KOMaHn 
TaKoro cocTaBa 6y.neT C \ • C\- C\. 

b) B KOMaHne MoryT 6bitb ohjih rpe6en, TpH njioBna h nna 
6eryHa. Hhcjio KOMaHH b btom cjiynae 6yneT C\ ■ C$ • C\. 

r) B KOMaH^e MoryT 6bitb HBa rpe6na, ohjih niioBen h TpH 
6eryHa. HMeeM C\ • C\ • (7? KOMaHH. 

h) B KOMaHne MoryT 6 bitb JCBa rpe6Ha, n^a nnoBHa h HBa 
6eryHa. Hhcjio KOMana 6y.neT • C 5 . 

e) B KOMaHHe MoryT 6 bitb nBa rpe6na, TpH nnoBna h ohhh 
6eryH. B 9 Tom cjiynae HMeeM C \ * C\ • C\ KOMaHH- 
HcnojiB3yn npaBHno cyMMBi, Bcero KOMaHn 6yneT 

Cl-Cl-Ct+Cl-CiCl+C^ 

= 175. 



Otbct: 175. 

13 . HaHBi k = 15 npoimcHBix 6yKB, m = 10 FJiacHBix h n = 11 
corJiacHBix (Bcero fc + m + n = 36 6yKB). Ckohbko pa 3 JiHHHBix cjiob 
mo*ho cocTaBHTB H3 TaKHx 6yKB, ecnH Kaa<noe cjiobo hojih<ho 
HanHHaTBcn c nponncHOH 6yKBBi, cpenH ocTajiBHBix 6yKB ,hojih<hbi 
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6mt£> /z — 4 pa3Jin^Hbix rjiacHBix (h 3 HHCJia m = 10 3aj aHHi>i x ) h 
v — 6 pa3JiiraHbix corjiacHbix (h 3 HHCJia n = 11 3a,naHHbix). 

PemeHne. Bbi6epeM HeKOTopyio nponncHyio 6yKBy. 9 tot 
B bi6op MO)KeT 6biTb ocymecTBJieH k cnoco6aMH. Ilocjie 3Toro 
H3 m rjiacHbix Bbi6HpaeM /z 6yKB. 9 to mojkho c^ejiaTb Cm 
cnoco6aMH. HaKOHeii, BbiOnpaeM v corjiacHbix, hto mojkho c^e- 
JiaTb cnoco6aMH. npHMeHJiJi npaBHJio yMHO^eHna, Bbi6op 
HeoSxOZCKMbIX 6yKB MOJKHO C/ieJiaTb k • Cm • C% cnocoSaMH. 

Ilociie Bbi6opa nponHCHOH SyKBti, H3 ocTajibHbix /z + v 6yKB 
mo*ho o6pa30BaTb (/z -{-•*')• nepecTaHOBOK. Kasdan nepecTanoBKa 
nopoacaaeT HOBoe cjiobo. TaKHM o6pa30M, Bcero Moacex 6biTb 
o6pa30BaHo k ■C^-C^{fi + u)\ pasjiHHHbix cjiob, x.e. lS-C^Cfj • 10! 

OTBeT: 15 • C'IqC^ • 10! 

14. B npoji.oBOJibCTBeHHOM Mara3HHe HMeeTca TpH BH.ua koh- 
4>eT. KoH(f)eTbi ynaKOBaHbi b TpH pa3JiHHHbix BH,ga KopoSoK bjih 
K aaciioro HaHMeHOB aHHH . Ckojibkhmh cnocoSaMH mojkho 3 aKa 3 aTb 

Ha6op H3 DBTH KOpo6oK? 

PetlieHne (cm. 3a.naHy 11). Cf = — - — — — — — — — 21 

' 3 5! -(3-1)! 5! -2! 

OTBeT: 21. 

15. -3 jib cocTaBJieHHB HonexHoro Kapayjia npHrjiaineHbi 10 
o(f)HD.epoB rnecTH poxioB bohck: nexoTbi, aBHaiiHH, norpaHHHHbix, 
apTHJiJiepHH, MopcKoro (|)JioTa h paKeTHbix bohck. 

Ckojibkhmh cnoco6aMH MoaceT Gbitb cocxaBJieH noHexnbiH Ka- 

payji? 

PemeHHe. Hmciotcb 6 KaTeropHH o<f)Hn;epoB. IIobtopbb pac- 
cy anemia, npHBe/ieHHbie b 3a^ane 10, Hyarao noBCHHxaTb hhcjio 
COH eTaHHH C nOBTOpeHHHMH H3 6 OJieMeHTOB, B3BTBIX HO 10, T e 

7no_ (6+10 -1)! 15! _ 15 • 14 • 13 • 12 ■ 11 „„„„ 

6 (6-1)! -10! 5! - 10! 1-2- 3-4-5 UU,i ' 

OTBeT: 3 003. 

16. Ha nojiKe Haxo^HTca m + n pa3jiH*iHbix khht. h 3 KOTopbix 
m b chhhx nepenjieTax, a n — b acejiTbix. Khhxh nepecTaBJiBioTCB 
BCeB03MOaCHMMH CIIOCOGaMH. CKOJIbKO CymeCTByeT pa3JIHHHbIX 
nojioa:eHHH Kirnr, npH Koxopbix: 
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а) khhth b chhhx nepenjieTax 3aHHMaioT m nepBbix MecT; 

б) KHHTH B CHHHX HepeHJieTaX CTOHT pHJXOM? 

PeiueHMe. a) Khhth b chhhx nepenjieTax MoryT 3aHHMaTb m 
nepBBix MecT P m — ml cnocoSaMH. Ilpn Ka>K.aoM pacnojio>KeHHH 
TaKoro BHaa, khhth b n^ejiTOM nepenjieTe MoryT Sbitb pacncuio- 
>KeHti P n = n\ cnocoSaMH. IIpHMeHHH npaBHJio y MHOJKeHHH , Bcero 
HOJIOH<eHHH KHHT, B KOTOpbIX KHHTH B CHHHX HepeHJieTaX 33HMyT 
m nepBbix MecT, 6y.neT ml • nl 

6) HonycTHM, hto khhth b chhhx nepenjieTax pacnojio>KeHi>i 
pHHOM. Torna Ha nojiKe 3a hhmh cjienyioT jih6o n khht b >KejiTbix 
nepenjieTax, jih6o n — 1, jih6o n — 2,..., jih6o hh OHHa KHHra b 
>KejiTOM nepenjieTe. TaKHM o6pa30M, khhth b chhhx nepenjieTax 
MoryT 6biTb pacnojio>KeHbi nonpHH rc + 1 cnoco6aMH. Ilpn KaHmoM 
TaKOM pacnojio>KeHHH khht b chhhx nepenjieTax, khhth b *eJiTbix 
nepenjieTax, a TaK>Ke khhth b chhhx nepenjieTax MoryT 6biTb ne- 
pecTaBJieHbi b jho6om BHne. B pe3yjibTaTe nojiynHM m!-n!-(n + 1) 
p a3 JiHHHbi x nojio>KeHHH khht Ha nojiKe. 

Otbst: a) ml • nl\ 6) ml ■ nl * (n + 1). 

17. HaHTH HeTBepTblH HJieH pa3JIOJKeHHH 6HHOMa HblOTOHa 

(2x^/x - f/x ) 8 . 

PeujeHHe. CorjiacHo (JiopMyjie (9), neTBepTbiH HJieH pa3Jio- 

>KeHHH HMeeT BHH 

T 4 = Cg(2xi/x) 8 ~ 3 • (-x 1 / 3 ) 3 = -Cl • 2 5 • X 15 / 2 • x = 

= _ . 2 5 • ar 17/2 = -256 • 7 • x 17/2 = -1792 • x 17/2 . 

1*2*3 

OTBeT: -1792 -x 17 /' 2 . 



18. HaiiTH HaH6ojibinHH Koac|)(j)HnHeHT pa3Jio>KeHHH 

[(1 + *)(!/* -l)] m . 



PeweHne. 



(1 + *)(!-! 

2 \m 



™ /(l + x)(l — x) 






fc =0 



Ecjih m Heraoe hhcjio, T.e. m = 2s , s £ IN*, Toma pa3Jio»ce- 
HHe SnHOMa co;iep>KHT 25 -f 1 HJieHa, a b CHJiy cBOHCTBa VII, C| s 
HBJmeTCH HaH60JIbHIHM KOa4>4)HnHeHTOM pa3JIO>KeHHJI. 
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Ecjih m HenexHoe hhcjio, T.e. m = 2s + 1, 5 6 iV, b 
CHJ iy Toro see CBOHCTBa VII pa3JioaceHHe HMeeT , 233 a HanSojibiHHx 
K09(})({)HiiHeHTa Q s+ i,C 2 ^i. 

OTBeT: C£ s , ecjm m - neTHoe hhcjio; ecjin m - 

He^eTHoe hhcjio. 

19. HaMxH HJieH pa3Jio>KeHHH [(1 + x)(l + 1 /x)] n , KOTopbiH He 
conepacHT x. 

f / l\l n M x^™ 

PemeHHe. (l + ar)(l + -J = i k + 1 HJieH pa- 

3Jioa<eHHH aToro 6HHOMa HMeeT bhh 

T k+1 = ±C k n x k = C k n -z k ~’'. 

3tot HJien He Synex conepacaTb x, ecJiH k — n = 0, hto 

paBHOcHJiLHO k = n. TaKHM o6pa30M, HJien T n + 1 He conepacHT x. 

Otbct: T n+1 . 

20. HaHTH HJieH pa3jroa<eHHH 

(ay/a/3 — bj Va?) n , 

KOTopbiH coxiepacHT a b TpeTben CTenenn, ecjin cyMMa 6 hho- 
MHajibHbix K03(f>(j)HHHeHT0B, ctohihhx Ha HeneTHbix MecTax, paBHa 
2 048. 



PemeHHe. HaMneM cHanajia noKa3aTejib n. B CHJiy CBOHCTBa 
IV a, cyMMa 6HHOMHajibHbix Koa(f)4>HHHeHTOB paBHa 2 n . Tab KaK 
cyMMa 6HHOMHaJIbHbIX K03(|)(j)HHHeHT0B, CTOHIUHX Ha HeTHbIX MeC- 
Tax. paBHa cyMMe Koa({)<f)Hi3MeHTOB, ctohhihx Ha HeneTHbix MecTax, 
TO, yHHTbIBaH yCJIOBHH 3a.23.aHH, HMeeM 

2048 = 2 n_1 2 11 = 2 n ~ l n = 12. 

TaKHM o6pa30M, noKa3aTejib 6HHOMa paBeH 12. A 2 + I-H HJien pa 3 - 
JIOHCeHHH HMeeT BHH 

T k+1 = CUo-V^J 3) 12 “‘ • (— l) 4 • (b/V^ ) k = 



= Cf 2 • (-1 )V(3< 12 -*> 15 ) • (a 6 / 5 ) 12 -'' ■ a ~ 3k ' 7 ■ b k . 

McXOHH H3 yCJIOBHH 3aT3aHH 

6(i2-t) 3k o 72 — 6 k 3 k 

a 5 7 = a 6 — = 3 <£> 

<£> 24 - 7 - 2 • 7k - 5k = 35 4 19fc =*133 & k = 7, 
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Tg = C[ 2 • a 3 • 3 _1 • (-1) 7 • b 7 = -264 a 3 b 7 . 
Otbct: — 264a 3 6 7 . 



21. IIpH KaKOM 3HaHeHHH n SHHOMHaJIbBXrfe KOa^xlJHmieHTBI 
BToporo, xpexbero h nexBepxoro hjichob pa3Jio>KeHHJi 6pmoMa 
(x + y) n o6pa3yK>T apH^MexHHecKyio nporpeccuio? 



PeiueHMe. B cHJiy 4>opMyjibi (8) mieeM 



To = Cl 



x' 



y, 



To = Cl: 



V, 



T t = C 3 x n - 3 y 3 , 



a H3 ycjioBHH 3a,naHH cjie^yex 



Ch + Cn — 2 Cl n -f 



n(n — l)(n — 2) n(n — 1) 



<£> 



o- n(6+(n— l)(n — 2)-6(n-l)) = 0 n 2 -9n+14 — 0 44 

V cjiobhhm 3aaaHH yiioBJieTBopjieT tojibko 3HaMeHne n — 



n = 2, 
n = 7. 
7. 



OTBeT: n = 7. 



22. HoKa3aTb, hxo pa3nocxb Meyxjiy Koa^K^HimeHxaMH npH 
x k+1 H x k b pa3Jio>KeHHH (1 -f x) n+1 paBHa pa3Hocxn Me^Kiiy 
K09(|)({)HIi;HeHXaMH x k+l H a^ -1 B pa3JIO>KeHHH (1 + x) n . 

PeuieHne. Ko9(jxf>Hn;HeHXbi npH h x k b pa3Jio>fceHHH 6 h- 
HOMa (1 -f z) n+1 paBHbi C^\\ h C k +1 cooxBexcxBeHno. On;eHHM hx 
pa3HOCXb 

^k + 1 (9) (n + l)-A^ fn + l-k ^ „ k 

L n+1 L n+1 " £ _j_ j °n+l U n+1 “ ^ £+1 ^ " 



n -f 1 — & — A; — 1 (n + 1)! (n — 2£) • (n + 1)! 

k + 1 k\(n 1 — k)\ (k + 1)! • (to + 1 — k)\ 



Koa(f)(})Hii;HeHXbi npH x k+1 h x k 1 b pa3Jio>KeHHH 6HHOMa 
(l+x) n paBHbi C k+l H C k 1 COOXBeXCXBeHHO. OlteHHM HX pa3HOCXb 

rk+i _ rk - 1 !£) _ r *-i © 

n " i+i " n fe+i 
(n — fc)(n — k + 1) 



n 



k + 1 



• C^ -1 — cf -1 = 



(A: + l)fc 
(n — A;) 2 + (n — &) — k 2 — k 
(k + 1)A; 



k 

sik—l 

' — 

> ! 



k - 1 



n! 



(A; — l)!(n — A: + 1)! 



(n -f l)(n — 2k) ■ n! (n - 2&) • (n + 1)! 
(k + l)!(n — A: + 1)! (A; + 1)! • (n — A: + 1)! 
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TaK KaK npaBbie nacTH paBeHCTB (*) h (**) coBna^aiOT, cjiejty- 
eT, hto h hx JieBLie nacTH coBna^aioT. Ho Torjia 

fk _ fk + 1 r’k-l 
W+l u n+l — u n ? 

hto h xpeSoBajiocb n;oKa 3 aTb. 

23. CpaBHHBan KoacfxfmmieHTbi npn x b o6eHX MacTiix paBeH- 
CTB a 

(1 + x) m • (1 + x) n = (1 + x) m+n 



iIOKa3aTb, HTO 



C kf 0 i f<k—l s~il i i r~iO/~tk fik 

n'-'m i { ^'n m r • • • r V> n Ks m ^m+n - 



(A) 



PeiueHVie. (l+x) m - (l+£) n = (C^-hC^x+C^x 2 +. . .+C^x k +. . .+ 
+C%- 1 x m ~ 1 -j-x m )-(C%+C*x+C 2 x 2 +. . .+C k x k +. . .+C£~ 1 x n ~ 1 +x n ). 

B npaBOH nacTH aToro paBeHCTBa Koa(f)<J)HE[HeHT n P H x>i P&BeH 

r > 0 nk i nl nk- 1 , r > 2 nk-2 . , p\ . _l /^0 . /-*fc 

'-'m ‘ '-'n + C'm ’ n ' '-'n t • • • t 0- n O m t V n C/ m , 

a b pa3Jio>«eHHH 6HHOMa (l+.r) n+m k+ 1-h Hires pa3Jio«eHHH HMeex 
BHX 

Tk+l = Cm+n • X h . 

TaK KaK MHoroHJieHbi (1 + ^) m • (1 + x) n h (1 + £) m+n HMeroT 
o^HiHaKOByio cxeneHb h paBHbi, cjie/iyeT, hto h Koa(Jxf)mrHeHTbi npH 
oOTHaKOBbix cxeneHHX x b o6enx nacTAX paBHbi Meacay co6oh. A 
axo 3aKaHHHBaex aoKa3aTejibCTBO paBeHCTBa (A). 



24. UoKa3aTb paBeHCTBO 

C O r* 2 fn 

n , L n 

n + 1 n n — 1 1 



PemeHne. nycTb 

C " 



a° 



c 2 



cl 

-j — — + 

7i+l n n — l 
An — 1 fn — 2 

+ + - n — + •■ 



77+1 

+ 



c\n 

2 



C n T/ 
+ -y- = A 

C n A 

+ — = A. 

1 



77+ 1 77 77 —1 

YMHo>KaeM o6e HacxH nocjieaHero paBeHCTBa Ha (77 + 1). 



pe3yJibxaTe noJiynaeM 

n + 1 ™ . n + 1 x-m-l 



77 + 1 

y* Cl 






•cr 1 + 






4. r< 2 

n+1 ' '-''n+1 



+ c 3 



i c ^ 
77—1 

n+1 



77+1 

+ "- + ~ 

+ c „»+ \ = 



B 



( 19 ) 



^n + l + Cl 



Cn - A(77 + 1) ^ 

A( 77 + 1) <£> 

IV 



n+l 



+ C 3 +1 + ... + C"+i = C» +1 + A(n + 1) 



« 2 n+1 = C® +1 + A(n + 1) <» 2 n+1 - C° +1 = A(n + 1) <S- 



2 71+1 - 1 
<+ .4 = — .4 = 

77+1 



77+1 



2 n _ 



97 




Bo3Bpamajicb k nepBOHanajibHOMy BbipajKemiio, HMeeM 




nxo h Tpe6oBajioci> noKasaxb. 

25. HoKa3aTb, nxo 

nC° -(n-l)Cl + (n- 2 )C 2 - (n - 3)C 3 + . . . + (-l)- 1 ^- 1 = 0. 

PeiiieHUe. HanmneM pa3Jio»eHHe 6nHOMa (x — l) n : 

(x - l) n = C%x n ~ C\x n ~ x + C 2 x n ~ 2 - C 3 x n " 3 + 

+ ... + ( -i) n - 1 cr 1 * + (-i)c;. U) 

Bo3bMeM npoH3BOHHyio no x ot o6enx nacxefi paBencTBa (A). 
IIojiynaeM 

n(x — l) n_1 = nC^x n ~ l — (n — 1 )C\x n ~ 2 + (n — 2)C 2 x n ~ 3 — 

-<» - 3 ) c ^ n - 4 + . . . + (-1 r ^ r 1 . (**) 



IIojio>khm b (**) x = 1. Tor^a 

0 = nCl - (n - 1 )C' n + (n- 2)C 2 - (n - 3 )C 3 + . .. + (-lf'CT 1 , 
nxo h Tpe6oBajiocb ,aoKa3axb. 

(Hpyrne Mexo,zn>i ,zj;oKa3axejibCTBa - b cnHCKe jraTepaxypbi b 
pa6oxe [2]). 

26. HoKa3aTb cnpaBeaymBOCTL paBeHCXBa 

1 - 10CJ n + 10 2 Cf n - 10 3 Cf n + . . . - lO 2 "- 1 ^ 1 , + 10 2 ” = (81)”. 

PeiueHMe. 3aMe<xaeM, nxo Bbipa>KeHHe 

1 - IOC*, + 10 2 C 2 n - 10 3 C| n + . . . - lO 2 ”- 1 ^ + 10 2 " 

npencxa.BJinex co6oS pa3Jio>«eHHe 6HHOMa (1 — 10) 2n = 9 2n = (81) n , 
nxo h xpe6oBa;iocb n.oKa3axb. 

27. YnpocxHTb BbipajKenHe Pi + 2 P 2 + • • • + nP n - 

PeuieHMe. IIpiiMeHHM Mexoxt MaTeMaTKrqecKoS HH/cyKnun. 
Ilycxb 

P\ + 2 P 2 + • • • + nP n = A n . (*) 

TJpu: 

n = 1 MMeeM Pj = A\ <$■ Ai = 1; 

n = 2 HMeeM P\ + 2p2 = A 2 O 1 -f 2 • 2! = A 2 & 5 = A -2 
o 3! — 1 — A 2 <=> P 3 - 1 = A 2 . 
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n = 3 HMeeM Pi + 2p2 + 3 P 3 = A 3 A 2 + 3P 3 = A 3 <=> 
o 3! - 1 + 3 • 3! = A 3 <S> 3!(1 + 3) - 1 = A 3 <s> 4! - 1 = 

= A 3 & P 4 - 1 = A 3 . 

JIonycTHM, mto iiJiJi n = k paBeHCTBO (*) npHHHMaeT bh^ 



Pi + 2P 2 + . . . + kP k = (k + 1)! - 1. 



(**) 



Bm^ihcjihm 3Ha^eHHe Bfcipa/KeHHH (*) npn n = k + 1. HMeeM 

Pi + 2P 2 + 3P 3 . . . + kP h + (k + l)P t+1 ( *=’ (* + 1)! - 1 + (k + 1 )P k+1 = 
= (k + 1)! - 1 + (k + 1 )(k + 1)! = (k + 1 )!( 1 + k + 1) - 1 = 

= (fc + 2)!-l = Pfc+2 1 ■ 

B CHJiy npHHBHna MaTeMaTHHecKOH HHjfxyKmm bbibojikm, hto 
(*) BepHa jsjir JiK)6oro HaTypanbHoro n, T.e. 

Pi + 2P 2 + . . . + nP n = (n + 1)! - 1 = P n+ i - 1. 

OTBeT: Pi + 2P 2 + . . . + nP n = P n + 1 - 1. 

28. HoKa3aTb, *ito juik jho6bix m, tc £ ]N ^hcjto ml • n\ .neJTHT 
(m + n)l 



no o (m + n)! 

reLueHne. B ctury onpe^ejieHHH 3, — ; — — = C™ 



ml ■ nl 



m+n 



eCTL 



mhcjio Bcex nojiMHO*ecTB H3 n ajieMeHTOB MHO*ecTBa H3 (m + n) 

ajieMeHTOB, T.e. C^+n €CTb HaTypajibHoe mhcjio. Cae^oBaTejibHO, 

(m + n)! , . 

— BBJiBeTCii iiejibiM hhcjiom, a aTO osHa^iaeT, *ito ml • nl 

ml • nl 

xemiT (m + n)l 

29. UoKa3aTb paseHCTBo 

(n - k)C$+' - (fc + 1 )C* = (n-2k- l)C+j. 

PeiueHMe. ripHMeHBB cbohctbo X, nojiynaeM 
C k n +1 = (n- *)/(* + l)Cj+}, C* = (A + l)/(» + l)Cj+}. 

B pe3yjibTaTe 

(» - k)cr - (* + DC* = ( ^AX\ - ^AX\ = 

(n - k) 2 - (k + l) 2 nk+1 _ (n - k - k - l)( n - k + k + l) ^,t +1 _ 
n + 1 ‘ «+i - n + 1 " +1 

= (”- 2A ’~ 1 ) (ra+1) • CXt\ = (n - 2it - 1) ■ C*+J, h.t.a 



n + 1 

30. BbPTHCJiHTb cyMMy 



' n+1 
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„ _ 3 4 n + 2 

n _ 1! + 2! + 3! + 2! + 3! + 4! + ' ' ' + n! + (n + 1)! + (n + 2)!' 

PemeHMe. 3aMen:aeM, hto o6mHH HJieH a n axoM cyMMM motkho 

npeo6pa30BaTL cjienyiomHM o6pa30M: 

_ n + 2 ti + 2 

n n\ + (n + 1)! + (n + 2)! re!(l + n + 1 + (71 + l)(n + 2)) 

77 + 2 1 77 + 1 

771(77 + 2) 2 77 ! ( TZ- + 2) 77!(77 + 1)(77 + 2) 

77 + 1 (77 + 2) — 1 _ 1 1 

" ( n + 2)! " (77 + 2)! ~ (77 +I)! ” (n + 2)!* 

Torna cyMMa S n npHHHMaex bum 

1111 1 1 1 1 

bn ~2\ 3! + 3! 4! + '" (k - 1)! + kl + ' * ' ~ (77 + 1)! + (77 + 1)! “ 

1 _ 1 1 
~ (77 + 2)! ~2~ (77 + 2)!' 

Otbct: S n - 1/2 - 1/(77 + 2)! 

31. PeniHTb ypaBHeHHe 

Cl + 6 Cl + 6 Cl — 9x 2 — 14x. 

PeuueHne. C\ + 6 C 2 + 6 C% - 9x 2 - 14x <& 

„ x(x-l) „ x(x — l)(x - 2) 9 

x + 6 • -- - --- + 6 • 2 = 9a + _ i4x 44 

+> x + 3x(x — 1) + x(x — l)(x — 2) = 9x 2 — 14x 1 + 3x — 3 + x 2 — 

-3x + 2 — 9x + 14 = 0 x 2 - 9x + 14 = 0 o X ~ 

x — 7. 

TaK KaK Cl HMeex cmbicji tojibko hjih x > 3, cjie/toBaxeJiBHO, 
penieHHeM naHHoro ypaBHeHHH HBJiHexcH x — 7. 

Otbct: x - 7. 

32. PeniHXB ypaBHeHHe 

+ 2C£.i = 7(x - 1). 

PemeHHe. + 2Cj_ 1 = 7(x - 1) <£> 

(x + 1)! (x - 1)! 

^ (1 - 2)!((x + 1) - (1 - 2))! + 2 ' (x - 1 - 3)! = <[X ~ ^ ° 
(x-2)!(x-l)x(x + l) (x-4)!(x-3)(x-2)(x-l) f >4 

° (x-2)!-3! + 2 (x — 4)! ■ 3! = 7(*- 1) <=> 

( x — l)x(x + l) + 2(x — 3 ) ( x — 2)(x — 1) — 42( x — 1 ) = 0 <$■ x 2 — 3x — 10 = 
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= 0 => 



x = -2, 

x = 5 



=> x = 5. 



OTBeT: x — 5. 



33. PeniHTt ypaBHeHHe 

(■ Al + + \-P x -y)/P I - l = n . (A 

PeiueHMe. TaK KaK = (x + 1 )!/(x - y)!, = (x - y)!, 

fir-. = (®-l)!,HMeeM (A) «■ |* * * j j ' ^ jj = 7' 2 ®(i + l) : 



= 72 



x = 8, xeN* 



x = 8. 



[ x = — 9 

y^HTbiBciB, hto y E M h t/ < x noJiynaeM y £ {0,1, 2, 3, 4, 
5, 6, 7,8). 

OTBeT: x = 8; y £ {0,1, 2, 3, 4, 5, 6, 7, 8}. 

34. HaSTH 3Ha^eHHH x, KOTOpue ynoBJieTBOpHioT paBeHCTBy 
(x + 2)! = — 15(x - 1)! + 5[x! + (x + 1)!]. 

PemeHHe. (x + 2)! = -15(x - 1)! 4 5[x! 4 (x + 1)!] & 

& (x-l)!x(x + l)(x + 2) = — 15(x — l)!+5[(x — l)!x + (x-l)!x(x + l)] o 

^ 1 

<£> (x - l)!x(x 4 l)(x + 2) = (x - 1)![— 15 4 5x 4 5x(x 4 1)] <=> 
x( x 2 + 3x + 2) = -15 4 5x 2 4 10x x 3 - 2x 2 - 8x 4 15 = 0 & 



x = 3, 

x 2 4 x — 5 = 0 



=4 x = 3, TaK KaK ypaBHeHHe x 2 4 x — 5 = 0 



HMeeT HppaHHOHaJIBHHe KOpHH. 

Otbct: x — 3. 

35. PeniHTb ypaBHeHHe ■ (x — ft)! = 90(x — 1)! 



PemeHMe. A£tJ ■ (x - ft)! = 90(x - 1)! <4 



(x 4 1)! 



(x — ft)! = 



, ^ x+ i v*- 'V ~ ^ t x _ n )( -)■ 

= 90(x — 1)! 0 |=$ ;x ( x — l)!x(x 4 1) = 90(x — 1)! <4 x 2 4 x — 90 = 0 44 

O X = 9 ’ =»■ x = 9. Toraa n 6 {0, 1,2, 3, 4, 5, 6, 7,8}. 

x = —10 

Otbct: x — 9, ft £ {0, 1,2, 3, 4, 5, 6, 7, 8}. 

36. PeinHTB cHCTeMy ypaBHeHHH 

/ A*: Px—i 4 Cy~ x = 126, (m 

1 P x+1 = 720. ( } 
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PeuteHUe. Hcxo;ih H3 ycjiobhh sa^a^H, HMeeM x,y e JV, r.ne 
x > l vl x < y. B CHJiy (JjopMyji (1) - (3) nojiynaeM 

" =126, J jKf±lL = .l26, 

O < (y — x)\ • x! O 

1 (x+1)! = 6! 



y- 



l 






y' 



(B) o < (y— x)! (x — 1)! (y — x)!x! 
[(x + 1)! = 720 
y\ • 6 



» / m , = 126, 

<=> { (y — x)! • 5! 
x + 1 = 6 



{?: 



4)(y-3)(y-2)(y-l)y = 5!.21, 



<& 



^ { y 5 - 10 y 4 + 35 y 3 - 50 y 2 + 24 y - 2520 = 0, ^ 

I x — 5. 

ilejiHTejiiiMH CBoSojiHoro Koac{)4>HmieHTa B (*) hbjuhotcji hhc- 

jia 

±1; ±2; ±3; ±4; ±5; ±6; ±7; ±8; ±9; ±10; .... 

II pHMeHBeM cxeMy TopHepa h TeopeMy Be3y rjisi onpe.n;ejieHHJi 
KopHeii ypaBHeHim (*). TaK KaK y 6 jPV, npoBepHM tojibko Ha- 
TypaJibHbie ^ncjia. YcTaHaBJiKBaeM, ^to ^mcjia {1,2, 3, 4, 5, 6} He 
HBJiflioTCfl peineHHJiMH ypaBHeHKH (*). 

IIpoBepHM y — 7. 





1 -10 


35 


-50 


24 


-2520 


7 


1 -3 


14 


48 


360 


0 



C Jie aoBaTe jibho , 

(*) o (y - 7 ){y A - 3 y 3 + Uy 2 + 48 y + 360) = 0 & y = 7, 

TaK KaK rjisl y > 7 Bbipa>KeHHe y 4 — 3 y 3 + 14y 2 + 48 y + 360 > 0. 
TaKHM o6pa30M, peniemieM cmctbmbi ( B ) JEBJifleTCfl napa (5,7). 

OTBeTl {(5,7)}. 

37. HaiiTH x h y, ecJiH 

cr‘: (C s x - 2 + CZZl + 2C* x Zl):C» x +1 =3:5:5. (C) 

PeiueHMe. YnpocTHM: BHa'rajie Bbipa^KeHHe 

cu + C y ~-l + 2 Clzl = (CU + c x-l) + (Cl-l + Cl-X) = 

= cu + C":J = a. 
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B pe3yjiBTaxe CHCTeMa (C) npHHHMaeT b kji 



Cr 1 :C£:Cl +1 = 3:5:5 ^ 



{ r<y~ l . py 

w X • X 

py . py+ x 
x • ^ x 



= 3:5, (3) 
= 5:5, 



^ < 



X: 



X! 



{y - l)!(x - y + 1)! ' yl(x - y)\ 5’ 



0> 



X! 



I y!(x - y)\ " (x - y - l)!(y + 1)! 

_ 3 

- y + 1) "S 5 



= 1 






{y + 1 ) 2^ _ i 
yl- (x - y)"S 









J 5y = 3x - 3y + 3, f 8j/ = 6y + 3 + 3, f 2/ = 3, 

\y+l=x-y \x = 2y + l \x=7. 



OTBeT: {(7,3)}. 

38. HaMxH 3HaMeHHB x, KOToptie y,z*OBJieTBopjnoT ycnoBHio 

(x(x + l)!)/(2 - x!) < 2x + 9. 

PemeHMe. H 3 ycjioBHH 3aaaT?it cjie/tyex x € IN. Toiyxa 

x ^ x — — < 2x -f 9 - X '^ X y- — < 2x + 9 <£» x 2 + x < 4x + 18 <=> 

2 • x! “ 2 • x! 

O x 2 - 3x - 18 < 0 (x + 3)(x — 6) < 0 <=> x-6<0<^0<x<6 
h x £ .ffV. CjieiioBaTejiBHO, x £ {0, 1,2, 3, 4,5,6}. 

OTBeT: x £ {0,1, 2, 3, 4, 5, 6}. 

39. HaiiTH 3Ha*ieHKH x, KOToptie ynoBJieTBopjiioT HepaBeHCTBy 






(*) 



PemeHMe. 3aMeTHM, *ito (*) HMeeT cmmcji npH 1 £ IV h 1 > 3. 
Tan KaK 

px-3 pi _ ( X ~ 1)( X ~ ^). /-»x-3 _ /-»1 _ T .0 TO 

W-l - C x-1 - j^2 ’ ~ U;c - 2 ~ ’ 

( + )^x(£-JQ(x-2)_ 7 (^_2) < 8(x-2)^(x-2)[x(x-1)~30] < 0& 
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O (x — 2)(x 2 - x — 30) <0o(i- 2)(x + 5)(x - 6) < 0 



O (x — 2)(x — 6)<0<^-2<x<6=> 



x = 3, 
x = 4, 
x = 5, 
x = 6. 



OTBeT: X e {3, 4, 5, 6}. 



40. PeniHTL CHCTeMy HepaBencTB: 



C 4 — * -fir+5 p 

1+5 96 • P x+ 3 






(* + !)! 



(* + 1 )! 



D /nx I (x — 2)! • 3! (x - 1)! - 2! 

Peme "" e -( D ^\ (x + 5)\ 143- (x + 5)! 

( 4! • (x + 1)! 96 • (x + 3)! 

( (x — l)x(x + 1) x(x + 1) 



< 100 , 



< 0 



x>2 



3! 2! ^°°’ 

(x + 2)(x + 3)(x + 4)(x + 5) 143(x + 4)(x + 5) 



& 



4! 



96 



< 0 



x(x-f l)(x — 4) <600, (x 3 — 3x 2 — 4x — 600 < 0, 

^ ^ (x+4)(x + 5)(4(x + 2)(x + 3) — 143) <0^ {4x 2 + 20x- 119 <0 



fx 3 — 3x 2 — 4x — 600 < 0, 
ij >2 fx 3 — 3x 2 — 4x — 600 < 0, \x = 2, 

^\x€{2,3} 



^ 1 ' ^ - 3x 2 - 4x — 600 < 0, ^ 









8 - 12 - 8 - 600 < 0, 
x = 2, 

27 - 27 - 12 - 600 < 0, 
x = 3 



x = 2, 
x = 3 



Otbct: x e {2,3}. 
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3,3. Ilpe^JiaraeMfcie 3a,zi;a*m 



1. Komhcchh coctoht H3 npencenaTejiH, ero 3aMecTHTejm 
h eme iihth nejioBeK. Ckojibkhmh cnocoOaMH HJieHBi komhcchh 
M oryx pacnpejiejiHTB Me>K.ziy co6oh oGioaHHOCTH? 

2. Ckojibkhmh cnocoGaMH mo*ho BBi6paTB Tpex noKypHBix 
M3 rpymBi b 20 nejioBeK? 

3. B Ba3e ctoht 10 KpacHBix h 4 po30Bbix rB03,HHK. Ckojil- 

KHMH CnOCOOaMH MOJKHO BBl6paTB TpH UBeTKa H3 Ba3LI? 

4. 3?mok OTKpbmaeTCB tojibko b tom cjiynae, ecJiM Ha6paH 
onpe^ejieHHbiM Tpex3HaHHBiM HOMep H3 nHTH nmjip. IIorn>iTKa coc- 
tomt b tom, hto HaSnpaioT Hayran TpH ronjbpBi. ^ranaTB HOMep 
ynajiocB tojibko c nocjienHeH H3 bo3MO*hbix bobbitkh. Ckojibko 
bobbitok npemuecTBOBajio ynaBHOH? 

5. Ha khhjkhoh nojiKe noMemaeTCH 30 tomob. Ckojibkhmh 
cnocoSaMH hx mojkho paccTaBHTB, hto6bi npH otom 1-h h 2-h 
TOM a He CTOHJIH pHBOM? 

6. HeTBipe CTpejiKa hojibchbi nopa3HTB BoceMB MHineHeH 
(KansBBiH no nBe). Ckojibkhmh cnocoOaMH MoryT 6 bitb pacnpe- 
nejieHBi MHineHH Me>Kny cTpeiiKaMH? 

7. Ckojibko neTBipex3HaHHBix HHceii, cocTaBJieHHBix H3 nH(|)p 
0,1, 2, 3, 4, 5, conepHtaT nn(f)py 3, ecJiH: a) BH<J)pBi b HHCJiax ne 

nOBTOpHIOTCH; 6) HH(j)pBI MOryT BOBTOpHTBCH? 

8. B 4)opTenBHHHOM Kpy>KKe 3aHHMaioTCH 10 nejioBeK, b 
K pyiOKKe xyno^ecTBeHHoro cJioBa - 15, b BOKajiBHOM Kpy»Ke - 
12 h b (f)OTOKpy>KKe - 20 neJioBeK. Ckojibkhmh cnocoOaMH mo>kho 
cocTaBHTB 6pHrany H3 neTBipex HTenoB, Tpex nnaHHCTOB, bhth 
neBnoB h OBHoro (})OTorpa(f)a? 

9. CeMB h6jiok h Tpn anejiBCHHa Hyncso bojiobchtb b BBa 
naneTa TaK, hto6bi b KajKHOM naneTe 6 biji xoth 6bi ohhh anejiBCHB 
H KOJIHBeCTBO (jjpyKTOB B HHX 6BIJIO OBHHaKOBBIM. CKOJIBKHMH 
cnocoOaMH mobcho 9To cnejiaTB? 

10. HoMep aBTOMoOHJiBHoro npHnena coctoht H3 BByx 6yKB h 
neTBipex BH(})p. Ckojibko pa3JiHHHBix HOMepoB mojkho cocTaBHTB, 
HcnojiB3yn 30 6yKB h 10 mnfjp? 

11. Ha obhoh CTopone TpeyrojiBHHKa b3jitbi n ToneK, Ha 
BpyroH - m, a Ha TpeTben - k ToneK, npiraeM hh onsa H3 hhx 
H e HBJiaeTCB BepniHHOH TpeyrojiBHHKa. Ckojibko TpeyrojiBHHKOB 
c BepniHHaMH b othx TOHKax cyinecTByeT? 
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12. C KO JLbKHMH Cn 0 C 06 aMH MOHCHO pa3MeCXHXb ILHXb neBOHeK 
H HHXb MaJIbHHKOB 3a CTOJIOM, eCJIH pHHOM He HOJI>KHbI OKa3aTBCH 
HH /DBe neBOHKH, HH HBa MaJIBHHKa? 

13. 12 yneHMKaM BbmaHbi .zcBa BapnaHxa kohxpojibhoh pa6oxbi. 
Ckojibkhmh cnoco6aMH hx mojkho nocaztHXb b nBa pHna, hxo6m 
pHHOM He 6 bijio oHUHaKOBMx BapHaHxoB, a y cn.zuimHx npyr 3a 
HpyroM 6biJi ohhh h xox me BapnaHX? 

14. CeMb npenMexoB Hyncao pacnpenejmxb Me>KHy xpeMH jih- 
uaMM. Ckojibkhmh cnoco6aMH mo>kho ocyinecxBHxa 9X0 pacnpe- 
HeJieHHe, ecjiH oHHOMy hjih ziByM jmixaM Mo»ex He nocxaxbca hh 
ohhh npejcMex? 

15. CKOJIbKO BCeB03M0JKHBIX HieCXH3HaHHbIX HHCeJI MOJKHO 
cocxaBHXb H3 hh4>p 1,2, 3, 4, 5, 6, 7 xan, hxo6bi nH(|>pbi He noBXO- 
pHJIHCb, a HHCJIO HaHHHaJIOCb H 3aKaHHHBaJIOCb HeXHOH E[H(f)pOH? 

16. Ckojibko pa3JiiiHHbix Hexbipex3HaHHbix HHceji mo*ho 
cocxaBHXb H3 rm(})p 1 , 2, 3, 4, 5, 6, 7, 8 xaK, hxo6bi b Ka>K,noM H3 hhx 
HH ffjpa 1 Bcxpenajiacb xojibko ohhh pa3, a ocxaJibHbie mnjjpbi 
Moryx noBxopHXbCH? 

17. Hjih npeMHH Ha MaxeMaxnne ckoh ojiHMnHane BbmeneHO 

XpH 9K3eMHJIHpa O.ZIHOH KHHrH, HO JIB a 3K3eMH JIHp a HpyrOH H 
no OHHOMy 9K3eMHJiHpy xpexbeii KHHrH. Ckojibkhmh cnoco6aMH 
Moryx 6bixb BpyneHbi npeMHH, ecjiH b ojiHMnHane ynacxByex 
20 nejioBeK h HHKOMy He Haiox no ^Be KHHre cpa3y? To *e, ecjiH 
HHKOMy He naiox no iipa 9K3eMnjinpa ohhoh h xoh >Ke khhth, ho 
M oryx BpyHHXb no HBe hjih xpn pa3JiHHHBie khhth. 

18. ByKBbi a36yKH Mop3e coctohx H3 chmbojiob (xoneK h 
xnpe). Ckojibko 6yKB mo>kho H3o6pa3HXb, ecjiH KaaoiaH 6yKBa 
HOJDKHa co^epJKaxb He 6ojiee hhxh chmbojiob? 

19. Hjih hohckob 3axepHBnierocH npyra rpynna 9KCKy p c aHxoB 
pa36HHacb Ha npe nonrpynnbi. CpejiH hhx xojibko nexBepo 3Haiox 
MecxHocxb. Ckojibkhmh cnoco6aMH Moryx 6bixb cocxaBJieHH non;- 
rpynnbi xaK, Hxo6hi b KancnoH nozcrpynne 6 kijio no jipa. nejioBeKa, 
KoxopbiM 3HOKOMa MecxHocxb, ecjiH Bcero 16 9KCKypcanxoB? 

20. Ka>KHJ»iH H3 aecHXH pazmcxoB nyHKTa A cxapaexcn yc- 
XaHOBHXb CBH3b C Ka>K.ZIbIM H3 HPanUaXH paHHCXOB nymtxa B. 
Ckojibko B03M0>KHbix pa3JiHHHbix sapHaHXOB xaKOH cbh3h? 

JXoKa>KMTe paBeHCTBa: 

21. C” +I + C™- 1 + 2 C” = C” + + 2 *; 
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22. + C™ j + . . . + C“ 10 = C™Y - C7+*; 

23. CJ + 2C 2 + 3C^ + . . . + nQ = n • 2- 1 ; 

24. C® + 2C* + 3C^ 4- . . . + (n -f 1)C” = (n + 1) • 2 n_1 ; 

25. cs-ic; + ic2-... + ( -i) n . s S I = ^- r ; 

Cl 2Cl 3C 3 nCZ n(n + 1) 

^ D * ro + r'l + ' " * * + /-™-i — o ? 

L 'n. °n b n * 

27. C° + 2Ci + 2 2 C 2 + . . . + 2 n C; = 3”; 

•'>2/~»l o3/°2 on+l/^n on— 1 i 

28. 2CS + i^ + ^ + ...+ i— ta = L_^i; 

2 3 n -j- 1 n + 1 



29. 



C„ fc 



+ 



C*+ 5 



2C* +1 



/^k i 1 /^A;+2 , s~ik+ 3 j_ /~ik+2 

'-'n '-'n I'-'n 

(i\ae 7i, £ 2?V, n > fc + 3); 



m— 1 



30. — r -f 



>n— 2 



+ 



2° 3 n 
+ • • • H — r — ~r ; 
n! n! 



7i ! l!( 7i — 1)! ' 2!(n — 2)! 

n n 

31 E c »+* • V 2 " = 2 ”; 32. E(pCS) 2 = » • cj-ii; 



k=0 



P = 1 
m 



33 . e c; • cr 4 = c*,; 34. Ef- 1 ) 4 ^ = i-irc™ i; 



fc=0 

n 

35. E c ™ ■ cl = C” • 2"- 

k=m 

(rxte n,k,p,m,q 6 W). 



ifc=o 



PemHTb ypaBHeHHH h chctcmm ypaBHeHHH: 

36. Aj : Cf- 1 = 48; 37. C x ~ 2 + 2 C|_j = 7(* - 1); 

38. A 4 : (Aj +1 - Cf 4 ) = 24/23; 39. A 3 X + Cf 2 = 14*; 

40. .4/ - 2A 4 = 3A 2 ; 41. .4/: CJI 3 = 336; 

42. Ar 3 = zP*-r, 43. P x+2 : (A*lJ • ft) = 210; 

44. A x ~ J + 2ft_! = (30/7) ■ ft; 

45 . cr 1 + cr 2 + cj- 3 + . . . + cr 8 + cr 9 + cr 10 = 1023 
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46. P x+ 3 :(A*-P x - S ) = 720; 


47.Cf+ 1 :Cf- + 1 1 =2/3; 


48. A 2 X _, - C] = 79; 


49. 3C 2 +1 - 2 A 3 = x; 


50. CJ +1 :C 3 = 4/5; 


51. 120' + 0 3 +4 = 162; 


52. A^j + OJ. 2 = 14 ( x + 1); 


53. /W:(A$ ■/>„,) = 240; 


54.0^ = 7/15^; 


55. C 3 +1 :C< = 6:5; 


56. Cj +1 - A 2 - 4x 3 = (Ay 2 ; 


57. 3C 2 +1 + P 2 • x = 4A 2 ; 


58. A 2 + 3 = 0 3 +2 A 20; 


59. Cl + C 4 X = 11 C 2 +1 ; 


60. HO 3 = 24Cj +1 ; 


eiyA^ + AD^y^gg 


62. .4"+} ■ (i - n)! = 90(2 - 1)!; 


63. C'l = O 3 ; 


64. C z x = 2 CJ- 2 ; 


65. A® - 24x0^ = 11AJ; 


66. A 3 _2 + Cy 2 = 101; 


fi7 1 1 (*-l) 3 . 

* P P P * 

r i-l - f x+l 


68. 12 Clt\ = 55A 3 +1 ; 


69 ' ^5x-a; 2 +5 = ^11’ 


70. A 3 = 18AJ_ 2 : 


71. ( A'° — A|) : A| = 109; 


t f + 3Cx = 90, 

72. (re + 2)! : ( A k n ■ {n - k)\) = 132; 73. { 

n \ A y x - 2C y x = 40; 


74. cy i :0l +1 ; or 1 =6:5:2; 

75. (A^ + yAjl'j^r^Cr 1 


= 10:2:1; 


76. Ar'-.AW-ic^ + cr-i) 


= 21:60:10; 


77. Cl - ' : 01 : Cl +1 =2:3:4; 


f X K ~-1 • p x-y - 

78 ’ 19CJ +1 = 16C| +1 ; 


79 | A 3 » - 8A 3 r' = 0, 

' Ucfysofr 1 = 0; 


\Ai = iAr\ 

80. { 

[ QCx ~ 5CI +1 ; 



81 . ( 



*ctl + 



r C k - 2 _ 
XL n-2 



n — 1 
k~ 1 
n — 1 



2/ 



-</ 



n — 1 ’ 
fc- 1 
n — 1 ’ 



82 . 




* 3 = A 4 13 . 
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PeniHTb HepaBeHCTBa n CHCTeMM HepaBeHCTB: 

(n + 2)! 



(x - 1)! _ 

83. ) < 72; 

(* - 3)! 

85. x(x - 3)! < 108(x - 4)!; 
87. Cl > Cl-, 

89. Cf* J > Cf 6 ; 

91. Cf 3 < CJ+ 2 ; 

93. Cf < C^; 

95. C/I, 1 > 3/2; 



84 



( 77 . 4* l)(?i + 2) 
86. C* < CJ; 



< 1000 ; 



88. C 20 1 < Cfoi 
90. Cl < C 8 ; 



92. Cfr 2 > Cf, 



18 



18’ 



94. 5C 8 < 



96. 2C* > 11C 8 _ 2 ; 

98. c 2 2 r 8 > c 2 2 r 12 ; 

99. ^Cjz 2 - 7CJ:^ < 8(® - 2); 100. C*; 2 - < 100; 



'x+l 

97. qr 1 < cj- 3 ; 



101. A% +l -.C x t _\ > 14ft: 
103. Cl + 5 - 1 l 3 f J+5 < 0; 



102. Cti-Cf_ 1 --A4_ 2 <0; 



105. 




104. 



4 3 

-Pr+2 
Px + 2 

r cfi, 1 < 21, 



143 

4:Px-l 



< 0 ; 



106. < 



x+1 

5C^ < Ct +2 , 

x— 3 



(C x x It:Ai +l < 1:14P 3 . 



107. HaHTH KHTbiH HJieH pa3Jio>KeHHH SnHOMa 

{2Xy/x - v^) 8 . 

108. HaHTH cpejiHHH HJieH pa3Jio>KeHHJi 6HHOMa 

(2® + y/ 2) 8 . 

109. HaHTH 3HaneHHH noKa3aTeJiH CTeneHH m b pa3Jio>KeHHH 

6HHOMa 

(1 + a) m , 

ec.jiH Koa(J)(j)HiiHeHT nHToro HJieHa paBeH KoacjxjiHn.HeHTy .zieBiiToro 
HJieHa. 

110. Onpe^iejiHTB A\, eciiH nHTbrH HJien paajioiKeHHii Shhomb 

{y/x + 1 jx) n 

He 3aBHCHT OT X. 

111. B pa3JIO>KeHHH 6HHOMa 

(y/l + X- y/l-x ) n 

K09(|)4>Hn;HeHT TpeTbero HJieHa pa3Jio>KeHHH paBeH 28. HaHTH 
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cpeitHHH MJieH pa3Jio»teHHa. 

112. HaHTH HaHMeHbinee 3HaneHHe HOKa3aTejiH m b pa 3 Jio»e- 

HHH 6KHOMa 

(l + ar, 

ecjiH OTHOineHHe K09<J)(f)HHHeHT0B jhoGbix jtByx cocenHHX HJienoB 
pa3Jio>KeHiia paBHO 7:15. 

113. B pa3Jioa<eHHH 6HHOMa 

(v^+1/^) 16 

HaHTH HJieH, COiiep>KaHiHH x 3 . 

114. B pa3Jio«<eHHH SHHOMa 

(^fl + Vo 11 ) 15 

HaHTH HJI6H, He 3aBHCHIHHH OT a. 

115. B pa3Jio>KeHHH 6HHOMa 

((aj/a)/ 6+ 1/ v/fl28) n 

onpenejiHTb HJien pa3Jio>KeHHH, He conep^aiHHH a, ecjiH cyMMa 
SHHOMHajibHbix Koa(|)(|)Hn;HeHTOB Tpex nepBbix HJienoB pa3Jio»eHHH 
paBHa 79. 

116. B pa3Jio>KeHHH 6HHOMa 

HaHTH HJieH, He conepHcamHH a. 

117. B pa3JIOHieHHH 6HHOMa 

(v75+ yt/i ) 1989 

HaiiTH cbo6ohhhih HJieH. 

118. B pa3Jio>KeHHH 6HHOMa 

{z 2 + \/z- ?/z) m 

HaHTH TpeTHH HJieH pa3JIO>KeHH.H, eCJIH cyMMa 6HHOMHaJILHbIX 

K03<j)(J)Hn;HeHT0B paBHa 2 048. 

119. B pa3Jio>KeHHH 6HHOMa 

(l/v^ - Vb/V^T 

onpe^ejiHTb hji^h, coizepaiamnK 6 6 , ecjiH OTHOineHHe 6nHOMnajib- 
HBIX K094>(f)HHHeHT0B HeTBepTOJTO H BTOpOTO HJieHOB paBHa 187. 

120. B pa3Jio}KeHHH SHHOMa 




onpenejiHTb HJien pa3Jio>KeHHH, He co.a;ep>KainHH x , ecjiH cyMMa 
6HHOMHaJibHbix Koa<f)(J)HHHeHTOB BToporo HJieHa ot nanajia h 
T peTbero ot kohhb pa3Jio>KeHHJi paBHa 78. 

121. OTHOineHHe KoatfxfiHHHeHTa TpeTbero HJieHa k kooiJ)- 
4>HHHeHTy HHToro HJieHa pa3Jio>KeHHii Shhomh (i- 3 / 2 - yzr 
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paBHa 2/7. Hairra HJieH 6HHOMa, KOTopbm conepaoiT x~ 5 / 2 . 

122. HanTH x,y h z, ecira H3BecxHO, hto BTopoS, TperaM h 
HeTBepTbiS HJieHbi pa3Jio>KeHHH 6nHOMa 

(* + y) z 

paBHbi 240, 720, 1 080. 

123. IIpH KanoM 3HaneHHH n K03(f><|)HHHeHTbi BToporo, TpeTB- 
ero h neTBepToro hjichob pa3Jioa<eHHii 6imoMa 

(x + y) n 

cocTaBJUiioT apHt^MeTH^ecKyio nporpeccnio? 

124. HaiiTH HJieHbi, He conep^anme HppaHHOHajibHocTH b 

pa3JIO>KeHHH SHHOMa 

(\/3+ v^) 24 . 

125. CbOJIbKO paHHOHaJIBHLIX HJieHOB COHepjKHTCH B pa3JIO>Ke- 
HHH 

(\/2 + ) 100 ? 

126. HaHTH HOMepa Tpex nocjienoBaTejibHbix HJieHOB pa3;io- 
HseHHH 

(a + 6) 23 , 

Kog^HrtHeHTBi KOTopux o6pa3yiOT apH<J)MeTHHecKyio nporpec- 
CHK>. 

127. HaHTH HJieH pa3Jio>KeHH5i 

(V® + tfiF3) n , 

eCJIH HeBHTHH HJieH pa3JIOH<eHIlH, COiiepHCamHH X 6 - 5 , HMeeT HaH- 
6oJibinHH K03(|)(j)Hn;HeHT. 

128. TpeTte cjiaraeMoe pa3Jio>KeHHH 

(2x + l/x 2 ) m 

He coH,ep>KHT x. IIpn KaKHX x 9to cjiaraeMoe paBHO BTopoMy cjia- 
raeMOMy pa3Jio>KeHHJi 

(1 + x 3 ) 30 ? 

129. npH KaKHX HOJIOKHTeJIBHLIX 3HaHeHHHX X HaHOoJIbUIHM 
cjiaraeMbiM b pa3Jio>KeHHH 

(5 + 3x) 10 

HBJIHeTCH HeTBepTOe? 

130. B pa3JioH<eHHH SnsoMa 




nepBbie TpH K03(j)<f)HHHeHTa o6pa3yioT apH<J)MeTHHecKyio nporpec- 
chk). HaiiTH Bee partHOHajibHbie HJieHbi pa3Jio>KeHHH. 

131. HaHTH 3HaneHHH x, npn Koxopbix pa3HocTb Mencny 



111 




HeTBepTbiM h niecTbiM HJienaMH pa3Jio>KeHHii 

(V¥/ 1 y / S + y&/y/2* ) m 

paBHa 56, ecira H3BecTHO, hto HOKa3aTaJib m Ghhomb Ha 20 
MeHbine 6nHOMHajibHoro Koo<|)(f)HiiHeHTa TpeTbero cnaraeMoro 
3Toro pa3JIO>KeHHH. 

132. 3Han, hto n ecTb Han6ojibinee hhcjio, ynoBJieTBopjnomee 
HepaBGHCTBy log 1 / 3 n + log n / 3 n > 0, Hanra cjiaraeMoe pa3Jio«eHHH 
(y/a - Vb ) n , KOTopoe con;ep>KHT b 2 . 

133. Hairra 3HaHeHHH x , npn KOTopbix cyMMa TpeTbero h hh- 
Toro cjiaraeMbix pa3Jio*eHHH (\/2^+V2 1 ~ x ) n paBHa 135, 3Han, mto 
cyMMa nocjiezmHx Tpex 6nHOMHajibHbix Koo<|)(j)miHeHTOB paBHa 22. 

134. Hairra x, ecjm mec Toe cjiara eMoe p a3Jio>KeHH H 

( a + 6) n , me a = v^ 1 ^ 10-3 *), b = v / 2(- r_2 ) 1 s 3 i 

paBHo 21, a 6HHOMHajibHbie Koa^cfmHHeHTbi 2, 3 h 4 cjiarae- 
MblX HBJIHIOTCH 1 , 3 II 5-bIM HJieHaMH HeKOTOpOH apH(f)MeTHHeCKOH 
nporpeccHH cooTBeTCTBeHHO . 

135. CymecTByioT jih b pa3Jio>KeHHM 6nnoMa 

\ 1988 

V Vx 2 + 2 / y/x\ 

cjiaraeMbie, He 3aBHCHimie ot xl HanncaTb hx. 

136. Ckojibko cjiaraeMbix pa3Jion<eHHH 6HHOMa (\/3 + v^7 ) 36 

HBJIinOTCH HeJIbIMH HHCJiaMH? 

137. IlepBbie TpH K03(|)(f)HHHeHTa pa3Jioa<eHiiH (y/y + 1/2 f/y) n 
o6pa3yioT apncfmeTHHecKyio nporpeccmo. HaHTH Bee cjiaraeMbie 
pa3Jio>KeHHH, KOTopbie conep>KaT y b HaTypajibHOH CTeneHH. 

138. Hairra x , ecjm TpeTbe cjiaraeMoe pa3Jio>KeHHH 6nHOMa 
(x + x 1§x ) 5 paBHo 10 6 . 

139. B pa3JIO>KeHHH (1 -f X — x 2 ) 25 HaHTH TOT HJieH, y KO- 
Toporo noKa3aTejib CTeneHH x b TpH pa3a 6ojibine cyMMbi Bcex 
K03(J)(|)HHHeHT0B pa3JIO>KeHHJI. 

140. OnpejiejiHTb HOMep naHSoJibinero HJieHa pa3Jio>KeHHH 

(p + v) n 

no y6bmaioHiHM CTeneHHM 6yKBbi p, npennojiaran, hto p > 0; 
q > 0; p+q = 1. IIpH khkhx ycjioBHnx: a) HaH6ojibniHH HJieH 6yneT 
nepBbra? 6) HaHSoJibuiHH HJieH 6y,aeT nocjienHHH? b) pasjionce- 
HHe 6yneT con;ep>KaTb ,TBa onjraaKOBbix nocjienoBaTejibHbix HJieHa, 
npeBbimaioHiHX Bee ocTajibHbie HJienbi pa3Jio>KeHHH? 




